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PROCEEDI NGS

DR ONEN. We will just go ahead. Wen speaking,
since we have a transcriptionist, please try to speak into a
m crophone. Also, if anybody hasn't signed in, there is a
sign-in sheet just outside the door and pl ease do so.

To start off today, | would like to introduce
Lillian GIl. She is the Center for Devices and
Radi ol ogi cal Health Deputy Director for Science, and she
will be giving you wel com ng remarks.

Vel come

DR GLL: Good norning to all of you, and it is
nice to see you here this norning. | amthe Acting Deputy
Director for Science in the Center for Devices and
Radi ol ogi cal Health. As nost of you may know, Dr. Elizabeth
Jacobson was in the position before and she is now Acting
Director for Science in the Comm ssioner's Ofice. So, |I am
standing in for Liz while she is away on detail, and |
followed Liz in the Ofice of Science and Technol ogy and, as
luck would have it, this is an issue that | was beginning to
become involved in, in '"94, when | did |eave the Ofice of
Sci ence and Technology to go to the Ofice of Conpliance.
So, | have been away fromit for a while and will be
interested to hear what progress has been nade today.

| am al so happy to be here on behalf of the Center

Director, Dr. David Feigal, to wel cone you to what proni ses
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to be a very productive neeting. Today we are going to be
exploring future directions for research on the effect of
radi of requency exposure on m cronucl eus formation.

| would Iike to acknow edge the many of you who
have nmade a great effort to be here today. It is exciting
to | ook around both tables as well as the back of the room
t hose behind nme, to see so many of you fromthe scientific
community here to share a common goal with us, to ensure
that future research helps to answer the scientific
guestions about the biological effects of radiof requency
from nobi | e phones.

The Cooperative Research and Devel opnent
Agreenent, or the CRADA as we tend to call it, that the
agency signed in June with the Cellular Communi cations
| ndustry Association, is an exciting step in working with
industry to find sonme of those answers. W hope that the
work of this group will fill the know edge gaps that have
been rai sed by studies conducted to date.

We are |looking forward to the role that the FDA

will play in helping to explore the direction of future

research. Again, | extend to you a very warm wel cone for
bei ng here today, and I amsure you will have a very
productive neeting. | would like to turn it back over to
Dr. Onen.

Openi ng Renar ks
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DR. ONEN:. Thank you very nmuch. Since | am
giving only very brief conments and not using any
audiovisuals, |I think I will just speak fromthe table,
here. In case anybody mssed it, I amRussell Onmen. | am
Chi ef of the Radi ation Biol ogical Branch of the Center.

| would Iike to thank you for your interest and
your attention to this neeting, and | wanted to point out
that the goal of this neeting is to review the research on
the effects of RF exposure to m cronucleus formation. It is
a very technical neeting, wwth a very narrow focus. Because
of that and the inportance of the issues that are related to
it, we have tried to assenble the best group we can of
experts in the topic area to get input on the kind of
research that is needed in this particul ar area.

| should point out that the people that we have
assenbl ed here are assenbled to represent their own
expertise and are not here to represent any particul ar
agencies or institutions.

As Lillian nmentioned, the FDA has quite a bit of
history in rad health, and has a mandate here that a | ot of
peopl e don't know about because Food and Drugs doesn't say
anyt hi ng about radiation. 1In addition to our own research,
we try and coordinate with several other federal agencies,
both informally and through commttees, and to participate

in prograns such as the Wrld Health Organization
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International EMF Project. Al this is with an eye to
getting the best scientific information assenbled to assess
t he possi bl e inpacts of exposures.

As al so descri bed, another part of these
activities in this area is the Cooperative Research
Agreenment with CTIA and this neeting is a part of that
project. CTIA has committed to contract for research
consistent wth the recommendati ons that we devel oped with
the input that we gather at this neeting.

So, finally, | just want to point out again that
t he enphasis here is the science because it is the
foundation of all the assessnents that we do and al so the
common literature base or database for all expert groups
that assenble to nake judgnents on possible health effects
of various exposures.

| am pl eased now to introduce Dr. Greg Lotz as our
first speaker. Dr. Lotz is Chief of the Non-1onizing
Radi ati on Section, Division of Applied Research and

Technol ogy at the National Institute for Occupational Safety

and Health. | wll only say that once; it is NNOSH Dr.
Lotz will be giving us a broad introduction and background,
and | think will give you a real good sense of the context

that the information that we are going to collect here fits
into, and also give you sone feel for the background. Thank

you, G eg.
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I nt roduction and Background

DR. LOTZ: Good norning.

[ Slide]

As Dr. Omen has indicated, ny intent here this
nmorning is to present a broad general background of where we
are in bioeffects for radi ofrequency exposure. W wll hear
the details about the specific area of mcronuclei |ater and
| will not attenpt to address those. W are going to hear
nore about dosinetry from Howard Bassen, and Howard asked ne
a nonent ago if | was going to talk about electric and
magnetic fields and | actually had not planned to do so.

So, | hope we will be able to interface that as well.

[ Slide]

My intent is to do a couple of things, know ng
t hat we have various backgrounds, sonme nore famliar with RF
literature than others and know ng that those who are quite
famliar with it, of which we have many in the room already
know probably everything that | amgoing to say. So, | want
to make a few comments about outlining the background of
where we are with existing RF research; evaluate the general
need for additional RF research; and present a rationale for
why we woul d be considering research on m cronucl ei
formation in particular -- as Russ nentioned, a very narrow
focus for our neeting this week; and then tal k about what |

woul d consider to be key characteristics that we need to

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



Sgg

consi der in devel opi ng our product of this neeting, nanely,
the design for future research on mcronuclei formation.

[ Slide]

In the RF literature background, nost of it has
historically been oriented towards stronger exposures for
| onger periods of tinme in that it served to address concerns
for what were primarily occupational groups exposed to
radi of requency radi ation, such as mlitary personnel exposed
to radar or other personnel, other types of radar uses as
wel | ; many industrial uses and the groups of workers around
t hose using heaters or sealers; and it would al so include
medi cal technicians and practitioners who use radi of requency
for various nedi cal purposes such as diatherny.

In that, nost of the literature is related to
| aboratory work with animals or in vitro preparations, and
there is a general evidence in that literature of
denonstrated effects at |evels associated with tissue
heating. One of the ternms | think we will end up throw ng
around a lot this week is specific absorption rate, or SAR
the accepted unit of neasuring, or estimating in sone cases,
absorbed energy from a radi of requency exposure.

| wanted to just nake a few comments here. There
are sonme nunbers that conme into play here. Hi storically,
the animal work in dealing with whol e body exposures

denonstrated that with exposures in the vicinity of 3-4 Wkg
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you could el evate the tenperature of |aboratory aninals
exposed over rather short periods of tinme, a matter of
mnutes to a few hours. Wth that kind of exposure,
particul arly under certain frequency conditions, you could
generate a significant anount of body heating and, indeed,
even at exposures a little bit lower, in the neighborhood of
maybe 1-2 WKkg, you can actually denponstrate that an
animal's thernoregul atory responses, such as a change in
metabolic rate or vasodilation, will actually be stinul ated,
clearly indicating that you have tissue heating going on in
t hose circunst ances.

That is for whol e body exposure. As | wll
comment nore in a nonment, if you reduce that exposure to
part of the body it changes that picture, as you m ght
expect froma tissue heating standpoint and you don't see
t hose sane responses. But, in fact, that 4 Wkg many years
ago, in the '80s, was selected, in the case of the | EEE ANSI
guidelines in this country and I CNI RP gui delines, as the
presunmed threshol d of bioeffects for whol e body exposure.

One of the other nunbers that will conme into play
alot this week is 1.6 Wkg, and I won't go into all the
details, but that is the local Iimt in this country. It
basically comes fromthe | EEE guidelines and it is the | ocal
[imt defined by the Federal Conmunications Comm ssion for

the SAR for a |ocal tissue deposition averaged over one gram
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of tissue. Now, that is a very different phenonenon than

t he ani mal bei ng exposed whol e body to an average of 4 WKkg.
But those are sonme nunbers to give a little context to
nunbers that | think we will be throwing around later with
respect to dose.

[ Slide]

Now, | m ght also coment there that when you nobve
into the in vitro situation SAR is nmuch nore difficult to
put into context because you have other paraneters in the
experinment. Usually there is an effort to prevent heat from
building up within the system So, it has a different
significance that we will probably talk about as we get into
i ndi vi dual experinents.

Al so out of this body of literature, which has
been generated over several decades, there was a concl usion
that RF was not genotoxic. Now, additional aspects in the
general RF background within the last ten years, within the
'90s, are that we have new devel opnent in what | would cal
the nature of the RD exposure in ternms of who is being
exposed.

We now have the aspect of |arge popul ati ons being
exposed repetitively or continuously to low levels of RF, in
contrast to the stronger occupational exposures | nentioned
a nonent ago, and we are noving to a situation where

potentially everyone will be exposed, or nearly everyone
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wi ||l be exposed because of the use of wreless

comuni cations technol ogies. And, we are also here to talk
particul arly about a source, the cellular phone, that
primarily generates a | ocalized exposure, often of the head,
of great concern in terns of the tissue exposed being the
br ai n.

We have, in the context of that then, |arge
popul ati ons bei ng exposed for |long periods of time, a |ack
of research in the literature on long-termeffects of RF
ei ther of humans or long-termanimal studies. And, this is
in sharp contrast to the situation with electric power
frequencies or extrenely | ow frequency ELF frequency
exposures whi ch have been very much on the m nds of
researchers in this arena in the | ast decade or so where
there were many dozens of epidem ol ogi ¢ studies, sonme very
sophi sticated which were in many respects driving the whole
issue and the interpretation of the literature. W do not
have a body of literature like that in dealing with
radi of requency exposures.

Now, there are sone studi es under way and they are
not really a topic of our neeting this week, but in terns of
what is actually finished and reported there are very few
| ong-term studi es.

[ Slide]

L PR QR e
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There have been three or really tw panels
convened around the work in the |last couple of years. These
are not the only reviews of the radi ofrequency literature,
but the Royal Society of Canada convened a panel which
issued a report just a little over a year ago, in My of
1999; and the United Kingdom convened a panel, chaired by
Dr. Stewart, sonmetines referred to as the Stewart Panel,
whi ch just reported a couple of nonths ago having | ooked at
the literature with particular interest in the question of
W rel ess communi cations. Russ nentioned in his remarks the
Wrld Health Organi zation International EMF Project, and
t hey have had workshops and reviews also to look at this
literature

[ Slide]

So, what is good is that these panels have cone up
with simlar findings, and these are just a few of those.
This is not neant to be a conprehensive list. | want to
start with the point that these panels have operated from an
outl ook at the start that interpretations of scientific
know edge shoul d be based on work published in peer-revi ened
journals. So, in cone cases today and the next couple of
days we are going to be tal king even about work that is not
yet published but dealing with m cronucl ei because of its
interest, but their conclusions and their considerations

were strictly based on the peer-reviewed published work.
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As | nmentioned a nonment ago, certainly both these
panel s conclude that thermal effects -- fromwhat | have
phrased here just not to be too wordy -- is sufficient RF
exposure to have potentially adverse health effects. By
sufficient, | nmean those that create a thermal load, in
association in animals with other bioeffects such as
behavi oral changes or physi ol ogi ¢ changes, hornone changes,
things like that that were deened either to be significant
in ternms of potential imrediate health effects or to have
ram fications that they would be effects that we woul d want
to protect against. That is not to say that those effects,
say at 4 Wkg, were necessarily imediately critical or
anything like that.

| want to al so say here, at this point, that the
W rel ess comuni cations sources that we are concerned with
do not normally produce RF exposures of the magnitude
related to these thermal effects that you find in the
di scussions of these panels or in the literature in general.

Bot h of these panels have concluded that there is
evi dence of biological effects at |levels that do not cause
nmeasur abl e heating. Now, that |evel that does not cause
measur abl e heati ng can vary depending on the conditions of
the experinment and the subject, but sone of those findings
are generally related to in vitro effects. One that has

received a lot of nmention would be the activation of
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orni t hi ne decar boxyl ase, but there are others as well that
have been cited by both these panels as evidence of effects
at levels that do not cause neasurabl e heating.

[ Slide]

What are sone of the other conclusions fromthese
panel s? That the existing evidence does not indicate that
these | ow | evel effects have adverse heal th consequences.

In other words, the conclusions are there are reports in the
literature of sone effects. Those cannot be di sm ssed, but
there is no indication that those effects would have adverse
heal th consequences. Certainly there is no literature to
connect themto adverse health consequences at this point.

But the panels have al so concl uded that the body
of literature is inadequate to answer the questions we have
about prol onged | ow | evel exposure at this point.

Cancer is a dom nant concern in terns of |long-term
| ow| evel RF effects but there are other health concerns
that exist, primarily neurol ogical and nore subtle, that are
certainly unresolved at this point.

And, while many studies in the literature point to
an absence of effects of concern, there are sonme key studies
that exist that rai se questions about the potential |ong-
termlowlevel health effects, and that includes a few

animal studies primarily although there are sonme human
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studi es but those have sone flaws that |imt their
i nterpretation.

[ Slide]

Wiy are we here to study mcronuclei? W probably
all have our own thoughts on that. But, basically, ny
interpretation of our objective for this week to | ook
specifically at mcronuclei is that we now have evi dence of
effects in nore than one | aboratory, and that data is going
to be reviewed by others, nmuch nore qualified to do that
than |, here today. The potential inportance of any finding
of effects involving DNA is a factor in why the m cronucl ei
issue itself conmes to the forefront.

And, | want us to think about the consideration of
this effect not for any effort to say there m ght be a
specific health effect as an outcone, and | don't think that
is a supportable argunent at this point, but as an indicator
of plausibility. If, in fact, we find reason and future
research supports the idea that there are effects on
m cronucl ei then what does that tell us about the
plausibility of RF effects related to DNA and potentially
related to issues of long-term health consequences -- a
guestion of plausibility, not tied to any particular health
concern at this point.

Finally, I think one of the things we need to

really consider carefully in this is what kind of
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under st andi ng can we reach of the neaning of m cronucl ei
changes in the context of the generally negative
genotoxicity results? W certainly have others here who can
comment better on that than |, but that | think is one of
our key questi ons.

[ Slide]

Now, as we consider the design of further research
on the formation of mcronuclei -- | realized after | nade
these two slides that we have a situation where | have
ski pped over in the slides what m ght be the obvious things
of what are the biological parameters. |If we are doing in
vitro studies, what are the best cell npdels to use? Does
there need to be any work on in vitro exposures of which
there have been a fewreports in the literature? Cells from
ani mal s or humans exposed, and then | ooking at m cronucl ei
formation in those cells. For in vitro studies how | ong
shoul d the cells be exposed? What are the proper assay
conditions? All those kinds of things.

[ Slide]

But in a nore general sense | want us to al so have
a strong enphasis on these points that | have listed here,
and that woul d include both the biological aspects of the
study along with the dosinetry. W have a | ot of concern
about the dosinetry at this point because of the dosinetry

of the devices that are creating this exposure of hunmans;
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the conplicated aspects of a nmajor concern being | ocal SAR
| ocal i zed exposure of the human as opposed to whol e body
exposure. So, we have a |ot of enphasis on the dosinetry
and a | ot of concern. That needs to be in there, but | am
concerned that we not short-change the biol ogi cal aspects of
our qualifications and design on that.

What that basically speaks to is that the research
teamthat is going to do the work that we are speaking to as
we say what we think needs to be done, needs to be a nmulti-
di sciplinary teamthat can strongly address both these. W
will not be well served if we have researchers who have
great expertise in the biological aspects but little
awar eness and not enough interaction on the dosinmetry side,
or vice versa. So, | think that is a very inportant
consi deration as we go here.

| think we need to have very cl ear expectations of
carefully defined protocols and the use of positive controls
in the experiment. | know that the work that we are going
to hear about today has already included those kinds of
t hi ngs, but as we tal k about what the characteristics of
future work are, sone mght say, well, those are obvious but
| think in the radiofrequency literature you find that they
are not obvious, and that is why | bring themto the
forefront because we need to have those kinds of things up

front in our experinmental work in this topic.
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We need to have aspects of the biol ogical nodel
that is being tested be carefully characterized, things |ike
the inherent variation within the biological systemand the
assay that is used. Again, sone may say, well, that is
obvious but it hasn't been obvious in sonme of the work that
has gone before, not necessarily specifically on m cronucl ei
but others, and we need to keep that at the forefront.

[ Slide]

One of the things we need is repeatability of
findings in the laboratory. In the RF literature we wl|
find studies reported where the experinmenters have done it
once basically and reported the finding. W need to have
nore repeatability and denonstration of that in the research
that we are calling for in these new studies.

We need to have an eval uation of the dose response
of the effects, if those effects are observable in the
research, over a range of specific absorption rates, SARs.
| want to nmake the point here that | think that needs to
i nclude SARs that m ght be considered thernogenic -- the
dosi netry, the experinental nodel, how tenperature is
handled in the nodel if that is in vitro, all are factors in
that. But even at the point of going to higher SARs than
m ght be of interest in human exposure, we need to have
these studies go into that level to have, if you wll, a

nore traditional toxicological approach to denonstrate the
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effect and then ook for a threshold, if there is one, that
considers a range of SARs. So, the dose-response range is
very inportant to me as we go forward on this.

Then, fromthere, we can | ook at the eval uation of
t he mechani sm of those RF effects if denonstrated and
supported. By nechanism it cones to mnd for nme that we
are talking two sides of that coin. W are talking the
biological -- if there is mcronuclei formation and the
research shows there are valid findings, is that sone kind
of direct effect on DNA? Probably not perhaps, but what are
the characteristics of that? Is it involved in the
processi ng of the DNA? How does that manifest itself? Can
we understand that process? As well as the biophysical
mechanismof is this related to a heating phenonenon? 1Is it
related to field interaction? Sone have suggested free
radi cal s m ght be an issue.

So, | think as we get into a discussion of
mechani smthere is both the biological side of that and a
bi ophysi cal side. Those are the characteristics that are
nmost on ny mnd as we start this and I think can kind of
guide what is really a very focused goal for the week.
Thank you.

DR. OVNEN:. Thank you, Dr. Lotz, for that very
useful and thorough introduction. Qur next speaker is

Howard Bassen. He is Chief of the El ectrophysics Branch
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here, and he will be tal king about radi of requency absorption
and dose. As Dr. Lotz nentioned, this is a very difficult
area of research that requires interdisciplinary work, and

under st andi ng of RF absorption and dose is a conplicated

t ask.
RF Absorption and Dose
MR. BASSEN: Thank you. | amgoing to address the
engi neering aspects of this program and | |ook forward to

learning a little nore about the bioeffects and health
inplications of this research. As was stated, | amthe
Chi ef of the El ectrophysics Branch here, in the Ofice of
Sci ence and Technol ogy at CDRH

[ Slide]

| would Iike to cover the dosinetry aspects, but
first we need to cover a few of the very fundanental things.
| am going to skip over sone of the exposure paraneters.

The O fice of Science and Technol ogy and the
El ect rophysi cs Branch has been invol ved with the devel opnent
of inplantable electric field probes and neasurenent
i nstrunmentation and conputations. Wat you will see next is
a di scussion of sonme of the things that are involved in the
dosinetry, mainly by the researchers who are involved in the
field today as well as CDRH

[ Slide]
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Dosinmetry refers to the neasurenment or the
conput ati on of external fields and the induction of energy
internal to a biological system So, the dose inside an
organi smsuch as a cell culture or a human's head is
produced by external fields froma cellular phone or a
| aborat ory exposure system

[ Slide]

W will be tal king about the fields and the SAR
i nside the biological tissue. SAR, or specific absorption
rate, is nmeasured in watts per kilogram and it can only be
produced in sonething that is electrically conducting such
as water, biological mterial whichis filled with water.
So, the SARin air is always zero because there is no
el ectrical conduction in air. SARis different at every
single point in an object so that when we tal k about SAR you
have to be aware that from one point in the head when you
are using a cell phone to a few centineters away the SAR can
be a hundred times different. The sanme thing woul d happen
in your biological effect studies if you are not careful,
and Dr. Chou wll talk about those in the next speech.

[ Slide]

The radi of requency spectrumthat we are talking
about for cellular phones covers a frequency of either
around 850 IMHz, depending on the system and | will talk

about that later, or 1900 MHz for PCS phones, cellular or
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PCS. This is the RF spectrum from3 Miz to 300 G4z, and 1
GHz is 1000 MHz. So, we are tal king about frequencies in
this range and their correspondi ng wavel engt hs, as you can
see here, between 35 cm and at the higher frequencies 15 cm
So, outside the body these wavel engths are about the sane
size as the head. They couple well into the head because of
that. But will they couple into a smaller biological tissue
sanple? That is the job of the in vitro dosinetry person

[ Slide]

Wavel ength is a function of the speed of Iight and
the frequency. | won't go into this in any depth, but if
you would like the notes | would be glad to pass those out
| ater.

[ Slide]

Wrel ess handset frequencies, as you can see, in
the U S. used to be analog; North Anerican digital; cellular
GSM in Europe. These are all in the |lower frequency band
where the wavel ength is about 30 cm This should be 1850-
1910 M. And, we are talking about a transmtter, the
handset. So, these would be the frequencies. These are the
base station frequencies that transmt back to the handset
t hat woul d expose people at a distance even if they don't
have a handset.

[ Slide]
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The inportant property of material that we are
going to be interested is the conductivity. It is the
measure of the resistance to electricity of the particul ar
material and it is a function of frequency. The units of
conductivity, and we will give that the synbol sigma, are in
Si emens/ meter or mhos/ neter.

[ Slide]

This slide shows the fact that every part of the
body has a different value of conductivity. Miscle, bone
and fat in the head or the in vitro sanple will all have
different conductivities. So, when we are neasuring dose
the external field is going to be absorbed differently
depending on that plus the dielectric constant.

[ Slide]

This slide shows the change versus frequency of
conductivity versus frequency and dielectric constant. W
are primarily concerned about this red curve. And, at the
cel l ul ar phone frequenci es we have sonething on the order of
1SSm At PCSit is alittle bit higher. So, this sigm
value will be inportant. This is for a particular type of
tissue. This is probably nuscle tissue. Bone would be a
l[ittle lower. Brain tissue would be a little lower. So, we
have to know sigma as well as neasure the electric field in
the tissue. | will go into that in the further discussion

of dosinetry.
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[ Slide]

So, how do we measure SAR and what is SARin terns
of these paraneters that | have been tal king about? You can
measure or conpute the electric field inside a dielectric
body. Renenber, there is an outside electric or magnetic
field fromyour cellular phone. However, we are talking
about what gets inside the body, and only the electric field
inside the body is inportant. Sigma, as we tal ked about it,
is the conductivity. FE or the electric field squared in
volts/meter is a function of SAR and rho is the nmass
density of the tissue.

So, this shows you that SARisn't really a basic
paranmeter. It is a conbination of sigma, the conductivity
and electric field strength and the mass density. Wy was
SAR chosen in the first place as a neasure of dose?

[ Slide]

This slide will show you that. 1In the earlier
days, when people were | ooking at thermal effects of
m crowaves, they neasured the tenperature or the thermnal
effects of mcrowaves at nuch higher powers than we get from
a cellular phone and they sinply neasured the tenperature
rise over a period of seconds, and SAR is al so equal to
that. So, if you were worried about thermal effects you
coul d neasure the tenperature rise in one or two seconds and

determ ne the SAR that way. So, the inportant paraneters
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and specific absorption rate could be tenperature rise, or
electric field strength that we are actually neasuring with
our instrunents.

[ Slide]

Local and whol e body SAR -- what do these terns
mean? These are averaged over small gram of tissue or
bi ol ogi cal material. That would be the |ocal specific
absorption rate, watts/kilogramin one gramof tissue and
this is neasured by a snmall probe.

It varies, as | nentioned before, by a factor of
hundreds of thousands fromone side of the head to the toe
if you are holding a cellular phone. The whol e body average
is a single value of what the whol e person absorbs when
using a cel lul ar phone or standing near a base station or
what an in vitro sanple would absorb when you average al
these variations, as | will showyou in a later slide. So
the local SAR is always going to be higher than the whole
body average SAR, and you will see a better indication of
that in a future slide.

[ Slide]

As | nentioned, SAR is non-uniform always and you
can get from 100-1000 times variation fromone point to
another and fromlocal to whole body average SAR So, the
safety standards are based on | ocal SARs and whol e body

average SARs. It gets rather conplicated. For this work, |
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bel i eve nost of the dose we w il be tal king about is |ocal

SAR.

[ Slide]

Wiy is the SAR different in every part of the body
or the sanmple? Well, this is an old cellular phone or it

could be a dipolar antenna. W see outside the body or the
in vitro tissue sanple the electric field versus |ocation
along this antenna varies quite a bit, and the nagnetic
field al so.

[ Slide]

We can see in that supposed nodel of a cellular
phone where the fields outside the body -- and the different
colors represent different strengths -- induce different
internal fields and the internal fields. Renenber, E is
proportional to SAR  So, a cellular phone or another kind
of near filed source that is held close to the body -- we
have a hot spot, the highest SAR would be here close to the
source and it drops off as you get further away. The whole
body average woul d be taking the integral of all of the SARs
at each cubic centineter and averaging themout. So, if the
| ocal SAR might be 1 WKkg, the whole body average SAR coul d
be 0.001 or |ess because you are averagi ng over the head,
the feet and there is no SAR in nost of the body. So, this
is an inportant concept. SAR w Il always vary even if you

have a uni form exposure.
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[ Slide]

We are getting close to the end and we can j ust
say one or two nore things. Measurenent uncertainties --
the best that possibly can be done in a precision | aboratory
m ght be 0.5 dB or plus/mnus 10 percent at each point in
terms of SAR local SAR It is nore typically, in the past,
probably 20 percent or 25 percent uncertainty fromone |ab
to the other.

[ Slide]

This slide shows how you nmake nmeasurenents in a
| ab using an electric field probe. Thisis a 1.5 mmtip
si ze where you place this in the in vitro sanple or in a
nodel of the head or in an aninmal's carcass and neasure
electric field inside the body. You can neasure 5 mcroWg
to 100 mMmW gr am

[ Slide]

You can also neasure SAR with a small tenperature
probe and neasure the delta T, delta tenperature, over the
nunber of seconds, and you can neasure 200 MWW g which is
| ess sensitive than with an E-field probe. So, typically
what will be measured in in vitro studies with small or | ow
power sources is the electric field with an E-field probe
but tenperature probes may be used in a | ab where you have
an in vitro sanple and a hi gher power source.

[ Slide]
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Finally, conclusions -- the SARis the result of
exposure to electromagnetic fields. Exposure refers to the
external fields, electric or magnetic froma cellul ar phone.
The SAR distribution is always non-uniform very non-uniform
even if you have a uniform exposure of the whole body. And,
the uncertainty is at | east 10 percent, plus/mnus 10
percent and that is in the very best situation. Probably it
is double that in any of the bioeffects research that has
been reported to date for | ocal SAR  Thank you.

DR. ONEN. Thanks, Howard. Next on our agenda we
have a break schedul ed. W had sone extra tinme in there
whi ch is good because we started a little late. It is about
9:35 now, which puts us ahead of the schedule. | think it
woul d be good to try and start at about 9:55 instead of
waiting until ten o' clock.

[Brief recess]

DR. ONEN. To discuss in vitro RF exposure
systens, | am happy to welconme Dr. C. K. Chou. He cones to
us from Mtorola Florida's Research Lab. He has a very |ong
experience in engineering physiology and bi ophysics
radi ati on research and, before going to Motorola, for
several years he was Director of the Departnent of Radi ation
Research at the Gty of Hope National Medical Center

In Vitro RF Exposure

DR. CHOU. Thank vyou, Russell.
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[ Slide]

My task this norning is to give you an overvi ew of
the RF in vitro exposure nmethods. | will concentrate on the
dosinetry and sone tenperature control

[ Slide]

| will show you sone exanples, a |lot of pictures.
| will go through different systenms very quickly, and
enphasi ze SAR distribution. As Howard said this norning,
SAR is non-uniform This is also true in the in vitro
exposure tissue cultures. There are different kinds of
artifacts and I will point themout along the way. And, the
tenperature control, as | will enphasize, is inportant. And
al so the SCC28, the current safety standard setting
subcomm ttee has engineering evaluation criteria and | w |
point that out in sone of the paraneters and sone
concl usi ons.

[ Slide]

So, the in vitro exposure systens have different

wave gui des, shift line, coaxial line, radio transm ssion
line, and wire patch cell, and sone different horn antennas
either applied in the near field or far field. | wll show

you exanpl es of individual different systens.
[ Slide]
When | first becane a graduate student in

University of Washington, in 1971, that was the tinme when
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this whol e i ssue cane up because of Chuck Anderson's report

i n Washi ngton Post on the Sovi et exposure of our American

enbassy. So that was the time of ny first project. Bil
Quy said, well, the Soviet literature -- they put nerves in
the wave gui de and exposed them They found no tenperature
rise but all kinds of effects on the nerve action
potentials. So, we checked this systemout to see if we
could find effects |ike that.

But at that tine we nmade sone nodifications
because you don't see the nerve exposed in the air. So, we
put this in a ringer solution to keep the nerve alive, and
designed this wave guide with a material to match fromair
to ringer solution. Then we put the nerves either parallel
to the electrical field or perpendicular to the electrical
field and stinul ated outside the chanber and recorded on the
other side. In the nmeantinme, we can al so use sone ports
here to circulate through a constant tenperature circul ator
to keep this tissue at a fairly constant tenperature in that
area to mnimze the thermal effects.

[ Slide]

So, this was the basic system W exposed al
ki nds of nerves, and here is an exanple on a sciatic nerve
froma frog. This was a very high power. The SAR was 1.5
kWkg. That is a very, very high power |evel. Wen we put

the circulator on, this is the mcrowave off and this is the
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m crowave on, and you don't see too nmuch difference. You
see a little bit of difference in tenperature rise because
of the imted punping capability of the circulator. That
is a one degree tenperature rise. You see a little bit of a
shift in latency but basically there is no difference until
you turn off the circulator and the nerve deteriorates very
fast because the tenperature goes so fast. Fortunately, |
turned the circulator right on and this thing recovers. So,
we can see here it is pretty nmuch relating to the
tenperature, not too nuch to the field even up to 1.5 kW Kkag.

[ Slide]

Al so, you can extend this to different nuscles.
W tried a frog nuscle, but this is a rat diaphragm nmuscle
because it is very thin so you can keep the tenperature very
constant. W stinulate the nerve and you see the tension of
the muscle twitch

[ Slide]

This is using a peak power, 220 kW kg peak power,
1 mcrosecond, 1000 pulses radiation. This way you see a
tenperature only 0.2 degrees centigrade, and you can see
there is a little bit of a shift there. So, biological
systens, dependi ng on what you measure, can be very
sensitive to tenperature variations.

Here | want to show you another exanple for CW1.5

kWkg. You see that there is a one degree tenperature rise
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here. This effect is also reproducible by turning the

m crowave off and changing the solution tenperature by one
degree. You see the simlar effects due to the m crowave.
So, this gives very good evidence that this is related to
the thermal aspect of the effect.

[ Slide]

So, this systemwas |ater on nodified by Janes
Lane and he used a pipette to put cells in there and expose
this way but it was basically the sanme design

[ Slide]

M ke Galvin, fromNEHS, in the 1980s, noved the
wave pattern around and used a matchi ng transforner here and
exposed cells over here. He used this one as a control
because by the tinme energy goes to here it is very snmall.
So, one is exposed and one is the control.

This systemwas | ater adopted by Liu and C eary,
and they put a magnetic stirrer here to use external
stirring to keep the cells floating inside so cells would
not sink to the bottom There is a problemwth this
system The size of this is quite big and when you have a
hi gh power exposure it is very difficult to keep the inside
t enperat ure constant.

[ Slide]

Jim Lane's group also nodified the chanber. This

is another variation. They put another inside chanber in to
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put cells in here and do sone recording this way. So, this
is a different nodification.

[ Slide]

This is Ken Joyner, and when he was at the FDA, in
the 1980s, he did work on alternated wave exposure system
put cell cultures in here and a tenperature sensor to
nmonitor there. If you want the details, you can ask Ken
Joyner.

[ Slide]

This is a tunable wave gui de by Liburdy and
Mangan. They have this tuning systemto get energy into the
cell culture that way. It is kind of conplicated.

[ Slide]

This is another nethod called stripline.

Stripline uses a central conductor here and ground conduct or
outside. You put the cells inside there. This if from
Wachtel, and you expose aplysia cells. This cell can have
pacer cells in there that can be mcroelectral to record the

neurol ogical firing rate.

[ Slide]
Here | want to point out is mcroelectral. Wen
you put this very small pipette into a cell, and with highly

conductive fluid inside you can cause this effect called

intensification of the E-field of the tip of a very highly
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conductive structure. This was analyzed by Bill Guy and put
in the NCRP 1981 report.

So, he analyzed this structure. This is the ratio
between the electrical field tip versus the electrical field
on the side versus the ratio of this |ong shape, ¢ and d,
and if c and d is one, that nmeans it is a circle. Wen this
beconmes a long needle, it goes to this side. So, you see
that there are different curves for different solutions,
different materials. Wen you use ringer solution it is
alnost flat. It doesn't affect the E-field of the tip. So,
that is why we want to use that. So, saline or a ringer
solution el ectrode. Wen you use a higher conductivity
el ectrode this thing goes up, and you can see there are nany
orders of magnitude enhancenent at the tip of the el ectrode.
This can push whatever -- potassiumchloride into the cell.
Thi s can have concentration effects and can affect the cel
menbrane and all kinds of transports, and all that.

[ Slide]

There is one other possible artifact that you can
generate by using this kind of high conductivity solution in
the electrode. This is another stripline. W have a
parall el plate here. This was University of Washington, in
"75, using the cat spinal cord and trying to keep the
circulator here to perfuse and cool the spinal cord and, in

the neantine expose it to the m crowave and al so stinulate
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the nerves and the CNE response change. The trouble with
this is, because it is such a large tissue, it is very
difficult to keep the constant in there.

[ Slide]

This is the other system called transverse
el ectromagnetic cell, abbreviated TEMcell. You can
commercially buy this as input and output. Inside there is
a center plate called center septum and you can open the

door and put cell culture inside.

[ Slide]
Then EPA and Bl ackman and Weil. When you expose
chick brains inside here -- this is going vertically, and

put chi cken brains here and do all sorts of biological
studies. At that time it was the calciumreflux study.

[ Slide]

This is the one we are tal king about, the project
| worked on for WIR when | was at the City of Hope. W
nodi fied this TEMcell to make a tenperature contro
because, as | will enphasize |ater, tenperature control is
very inportant. So, here are just the guts inside to show
you fromthe inside. Here is a fan we put on top. Here are
the different tubes. The tubes are flow ng through the
water, circulating through the wall of this TEMcell to keep
this inside tenperature constant. W have open w ndows here

on all four sides, then we put this inside styrofoam and
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this will be all enclosed later and it will have a fan to
blow air through all this with water circulation through
this whol e system

[ Slide]

So, after it is enclosed you can expose tissue
culture in the Petri dish. There are four Petri dishes, two
above and two below, and there is a center septum here. So,
these two will be upstairs and these two will be downstairs,
exposed to the signal you are putting into the system

[ Slide]

Bill Guy did the FDID calculation. On this Petri
dish we start a kind of orientation, and this is the bottom
of the Petri dish. The nonolayer cells will be on the
bottom This is distribution. You can see that it is quite
uni formbut still not perfectly uniform You can see there
are some higher SARs here but |ower here. But other areas
above this are very non-uni form and especially where you
have neni scus they are very hearty. But if we have cells
only down on the bottom it is a good systemto use.

[ Slide]

That is the whol e system we have here. Because
this is a very low efficient orientation, we need a high
powered generator to give enough SAR in the cells. This is
all the associated nonitoring systemand the big circul ator,
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the circulator tenperature inside the CO to keep the cells
happy in the cell culture.

[ Slide]

But, unfortunately, when we started to work with
t he bi ol ogi st and everything had to be according to good
| aboratory practices, so we said, how do we expose cells?
Well, in their |ab they have to use these test tubes. They
cannot use the Petri dish. So, we had to quickly nmodify how
we accommpdate that. So, these are all the tubes they used
and we had to use this nmethod and we had to make this
vertical and turn this thing 90 degrees, and have this
nmounted on the doors, three on this side and three on the
ot her side to expose the cells.

[ Slide]

Bill Guy did the calculations on the three tubes
on the left side, and looking at it this way you can see the
hot spot on the bottomand the cold spot here. |If you turn
it 90 degrees you can see that the center is cold and it is
very hot on the side. This is because when the nmagnetic
field goes into here you get an eddy current |like this and
that is why you have a hot spot on the side and a cold spot
in the center.

So, if you have cells in this situation you have
SAR variations in a very big range. So as a conprom se, the

bi ol ogi st said why don't we spin the cells down to the
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bott om one centineter and, hopefully, we can expose the
cells in this range and, hopefully, cut down the SAR

[ Slide]

Let's ook at the conmputation. This is the whole
tube; this is the distribution. It is very non-uniform
The mean is 4.7; the standard deviation is alnost 4. So,
this is not an acceptabl e way of exposing.

[ Slide]

So, if youonly limt to the bottom 1 cc vol une,
and this is the distribution, normal distribution of 4.7 and
t he standard deviation is 1.8. So, it is nmuch better than
if you have the cells all over the tube.

[ Slide]

This is kind of difficult to see but it is mainly
to show you the raw tenperature data. W put 12-channel
Luxtron fiberoptic sensors in the tubes and after a brief
one-m nut e exposure we took the door out and shook them very
vi gorously, and then we neasured the tenperature afterwards
and we can get a delta T here to conpute the average SAR in
t he test tubes.

[ Slide]

Then al so the tenperature, how do we set the
tenperature? We want the cells to be 37, plus/mnus 0.1 or
0.2 degrees and we have to find out by trial and error what

the circulator tenperature is in order to get the cells at
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37 degrees. For this particular power setting we need 35.8
degrees at the circulator to keep the cells inside at 37
degr ees.

[ Slide]

So, this was the systemused for the study. W
did dosinetry for Sal nonella cells, nouse |ynphoma and human
bl ood cells because all these different nedi uns have a
different dielectric constant. So, we have to determ ne the
different dielectric constants first wwth a slotted |ine,
with a very strict tenperature control of 37 degrees and
then we can calculate the SAR  This is the final nunber we
used for the study. |If you want SARs at 10 Wkg at the
bottomof 1 m of nedia, for this particular material of
Sal nonel l a you need 99 Watts in order to produce 10 Wkg in
that cell. For nouse it is 15 and for human blood it is 17
Wkg. So, the tenperature setting, for 10 Wyou need cool er
tenperature, 35.3 to keep the cells at 37 degrees. Even at
no power input you see the 36 degrees, a tenperature setting
1 degree | ower than what you want in there because when you
have this fan turned on to keep the air circulation there,
the fan itself generates sonme heat. That is why you need to
have this one degree lower. So, that is how strict the
tenperature control is that we have to do.

[ Slide]
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This is the final assenbly of these two systens,
and it was used at the North Carolina |ab.

[ Slide]

The next systemis called the coaxial |ine
exposure system This was described by Bill Guy in 1977.
This is where the cells go into 5 cc of volune. This is the
i nner conductor, outer conductor, and the electrical field
bet ween the two rings.

[ Slide]

This is a teflon bottom You can cover this here,
put it in this region and cover the whole thing and you can
expose cells like this. Energy cones fromhere and goes to
the cell culture. These tubes are to circulate the silicon
cooling oil to keep the cells inside there at a constant
tenperature. We were able to neasure the tenperature in
there at 37 plus/mnus 0.2 degrees in the mddle of the
chanber. So, that was described in 1977

[ Slide]

So, here | point out a very inportant biological
experinment. Dr. Vernon R ley of the Pacific Northwest
Research Foundation, in Seattle, was collaborating on the
study. He used tunor cells injected into the nouse to see
the | atent period, how nmany days to see the tunor cone up.
So, this is normal, and it takes about six days to see the

tunors start cone up. He diluted the cells by ten-fold, one
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| og mnus one, it takes about three days for the tunors to
come up. So, this is the positive control. Then it put the
cells at 43 degrees, and then because the higher tenperature
produced sonme cell damage, it took nore than 14 days for the
tumor to come up. This is for zero exposure, for sham
exposure, no RF but put inside the sanme cell exposure system
but no exposure, and that took al nbst 15 days to cone up
with tunor.

Then he started turning on the power at 4 V/cm and
you see that there is a drop in response, and if exposed to
10 V/icm you see even higher, nuch shorter |atency, and this
| ooks like protective effects to the tunor cells, why there
are nore active tunor cells in this exposed group. That
doesn't seemto nmake sense. At that tinme we could clearly
say, well, this is due to non-thermal effects because you
see a clear difference in the responses and our tenperature
was 37 plus/mnus 0.2 degrees.

[ Slide]

Actually, that is not true because we know t he
cells after a while settle down to the bottom This is kind
of a fuzzy picture; this is the only one |I could find. So,
we put a punp here to punp these cells, to force themto
float in air instead of sinking to the bottom because if you
have the cells at the bottom and we have this cooling oil in

there to try to cool the tenperature to 37 degrees -- for
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different power |evels you have to use a different
tenperature to cool it. So, when you have a high power you
need a cooler tenperature to cool it so the cells can have a

thermal gradient that is different fromthe control sham

exposure.
[ Slide]
After we did that with the punping we see
absolutely no effect at all, even after 14 V/cm or higher we

see no effect at all because we kept a good control on this
tenperature and there is no effect due to the RF for this
particul ar experinment.

[ Slide]

This is a system from Washi ngton University, the
radial transm ssion line. This is the upper conductor.
This is the fan to circulate air to the inside. Opening
this up, you can see inside, the T-75 culture flask in the
radial direction. The energy conmes from here and goes
radially to the sound around the periphery of the absorber
to absorb the energy.

[ Slide]

This is the systemthey used. Pickard had a paper
publ i shed earlier this year, and they anal yzed SAR at the
bottom of the cell culture. This is different elevation

relative to the bottomand with different naterials there,

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



Sgg

and you can see there are different variations depending on
how you do it.

[ Slide]

This is a new one, published a few nonths ago from
a French group. They call this wire patch cell
Essentially, this is two conductors. 1In the center there is
a wre to produce a field. They put eight Petri dishes
inside. They used a double container. The snmaller one is
inside. They said that this way they can inprove the
uniformty of SAR variation down to 30 percent.

[ Slide]

Going to the next category is the antenna horns
and the near field and far field. So, here is an exanple to
show t he antenna horn. They put the sanples very close to
the horn. So, this is called the near-field exposure, and
they have a magnetic stirrer inside this. | amsure this is
metallic and, of course, this is what generates all kinds of
non-uni f orm SARs.

[ Slide]

This is the far field. Harrison, Bal cer-Kubiczek
fromthe University of Maryland used the far field for the
horn above and exposed this way, put a matching plate here
and a flask inside tenperature controlled bath -- inside the
tissue culture flask, and they claimwth 4.4 V/kg the

tenperature rise by 1.2 degrees centigrade. Even though
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they have this circulator, it is difficult to keep the
tenperature el evati on when you use the higher SARs.

[ Slide]

This is another system They have this air
circulation. They have the test tubes like this, here, to
expose cells parallel to the E-field. This is a report by
Brown and Marshall.

[ Slide]

This is another one with far field exposure from
the top. They have tissue sanples put here, and they have a
rotating platformto try to honogeni ze the SAR, and al so
have air conditioned tenperature blowing into this.

[ Slide]

Marty Meltz had this thing inside a water bath,
with a turntable with a tissue flask, and there are these
styrofoam floats here. So, this exposure fromthe top is
also far-field exposure system

[ Slide]

Bill Guy did the plane-wave exposure for tissue
cultures like this flask. Wen the E-field is powered in
this direction you see the non-uniformdistribution with the
hot spot on the side. The center is actually zero here.
This is a very difficult thing to predict unless you do the
anal ysis lIike using an FDTD cal cul ation. 1If you are
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measuring the SAR in the center you are m ssing the boat
because the hot spot is on the side.

[ Slide]

This is for our test tube exposure in the far
field and energy comng this way. You can see that it is
parallel to the E-field and you have the hot spot in the
center. This is due to the far-field exposure.

[ Slide]

So, we also did this conparison using different
frequencies with plane-wave, the Tenperature cell and test
tube, T-25 flask. The nunbers we tried to conpare are the
standard devi ati on, how many percent variation over the
average nunbers. You can see this test tube is pretty bad,
about 100 percent, and al so the others.

Here we used the Petri dish, as | showed you
before, and it is very uniform W have about 17 percent
variation. |If you use only within 3 cminside the variation
drops even further. But the one we were using is the |ong
test tubes, and we chose to use the bottom 1l cc vol une and
the variation is about 41 percent SAR in there.

[ Slide]

This is SCC28. That stands for Standards
Coordi nating Commttee 28, subcommttee 4. W have engi neer
variation criteria. W are evaluating 100 papers in the
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field to try to conme up with a newy revised standard, and
we w Il have a second neeting early next nonth in DC

Here is the first group on the exposure
paraneters. W have to know the field characteristics.

That is, polarization, the source of radiation, what kind of
source you use, radiation characteristics, exposure
duration, and we nust know what the SAR is in the tissue,
and Howard enphasi zed this before in his talk. W have to
know the SAR, the induced current or E-field inside the
tissue. What is outside doesn't really produce an effect
inside. You have to know what is inside the body. The
tenperature reporting is also very inportant and we have to
know the tenperature in the sanples and what nethod you use.
Many people don't know that if you use netallic

t hermocoupl es or therm stors you can create all kinds of
artifacts that can generate hot spots, and all that, and
many people don't know about it. So, you have to use these
RF non-perturbing probes for your neasurenents.

[ Slide]

So, in conclusion, SAR of cells exposed in vitro
varies with dielectric properties and depths of nedium and
the size, shape and orientation of the flask, and the type
of exposure systemyou use for your experinent.

Now, artifacts are very hard to recogni ze and

elimnate, and tenperature control gradient is very
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difficult to detect, and tenperature control is essential.
In reporting RF effects you nust consider all possible
confoundi ng factors. Thank you.

DR. OVNEN:. Thank you, Dr. Chou, for that very
t hor ough expl anation of the kind of problens that can arise
in RF in vitro exposure systens, and the inportance of
consi dering tenperature control

| have sonme changes to the agenda to announce.
Dr. Meltz is not present and will not be able to give his
presentation. Dr. MacGegor has arrived and will be able to
gi ve the next presentation, which is entitled m cronucl eus
assay -- regulatory aspects. Then, he will be foll owed by
Dr. Verschaeve on RF genotoxicity and m cronucl eus studies.

VWiile we are getting ready for this change in the
agenda, | will nmention very briefly sonething of what | know
of what Dr. Meltz was going to talk about. Dr. Meltz is
Professor in the Departnent of Radiation Oncol ogy and
Director of the Center for Environnmental Radiation
Toxi cology at the University of Texas Health Science Center
at San Antonio. He was unable to cone -- he called ne
yesterday -- because of health problens in the famly.

H's talk was going to cover a wide variety of in
vitro studies that have been done, topics that he chose for
their inportance to cell survival, cell growh and

mai nt enance of genetic integrity. He also was selecting
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endpoi nts that m ght be potential biological indicators of
any adverse physiological or health effects, and one of the
points that he had in mnd to enphasi ze was that these

vari ous endpoints m ght usually be expected to be
interrelated, such that if a significant change occurred in
one biol ogi cal endpoint there are |likely to be changes in
one or nore of the other endpoints.

Again, | amunable to present his talk, but he was
going to basically nmention DNA strand breaks, DNA precursor
upt ake and incorporation, cell cycle progression, sister
chromati d exchange, chronosonme aberration induction
m cronucl eus formation, phenotypic mutation and gene
activation. Cbviously, several of these will be covered, |
am sure, very well by the comng talks. The format of the
talk that Dr. Meltz was preparing to give was basically to
present sonme of the results in the literature in each of
these, usually in a format where he showed an initial result
and then followed that with a couple of other studies that
denonstrate sonething that is comon in the database that we
have to work with, which is that there are a | ot of
conflicting reports in the database.

H s bottomline conclusion was that it is
inportant to note that adequate attention be given to the
technical quality and biol ogical relevance of even the peer-

reviewed an published research. | think that that bottom
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line goes well with the presentation that Dr. Chou just gave
us on the difficulty of even in published studies know ng
what the dosinetric aspects have been for in vitro studies,
and simlar problens can arise in the biological aspects of
t he experi nents.

It looks |ike we are ready for our next speaker.
| am pl eased to welconme Dr. Janes MacGegor. He is fromthe
FDA Center for Drug Evaluation and Research and, as | said,
the title we have for his talk is m cronucl eus assay,
principles and regulatory inplications. Thank you.

M cronucl eus Assay - Regul atory Aspects

DR. MACGREGOR: Thank you.

[ Slide]

What | was asked to do was to provide sone
background on the m cronucl eus assay fromthe point of view
of general principles of the assay, and the background and
the regul atory use of the assay. As Dr. Omen said, | am
fromthe Center for Drugs and so | amgoing to stay away
fromdrawi ng any concl usi ons about the regul atory
inplications for devices which would be regul ated by CDRH
but, rather, | was asked to focus on the assay, howit fits
in a general way into regulatory practice at a rather
el ementary | evel for those attendees who really may not be
that famliar with the technical aspects of the assay and

how it is used in a regulatory setting.
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[ Slide]

So, | thought I would start at the very begi nning
-- why our regulatory agency is concerned about genetic
damage, and | think nost people are famliar with the
reasons for this. DNA ultimately controls all our cellular
functions. It is the blueprint of life and if you affect
systens that control DNA and its integrity you are likely to
have cel lul ar functional effects.

In particular, alterations in DNA have been
associated wth human di sease, including cancer, and the
nature of the | esions that have been associated with both
heritabl e human bi ochem cal di seases and cancer fall into
several general classes of damage, nornally referred to as
poi nt nutations or base substitutions or very snal
del etions within a gene, structural chronosonmal aberrations
and aneupl oi di es.

| amnot going to go into all of the background on
the health effects, but | think it is fairly well
establi shed that these classes of damage are associated with
genetic alterations that have been associated with human
di sease outconmes. And, we know that many chem cal and
physi cal agents can cause these types of damage and so, as a
regul at ory agency, we are concerned about controlling
exposures that may introduce these types of changes.

[ Slide]
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Mich of the focus has been on cancer and | think
the reasons for this are sunmarized in this slide. It is
know nechani stically that mutations in oncogenes, tunor
suppressor genes, etc. have been associated with the
devel opnent of cancer. W know that the DNA repair process
in the human is closely related to the devel opnent of cancer
and that repair defects are associated with increased cancer
risk. We know that as tunors devel op genonmic instability
occurs within the tunors, and that genetic alteration is
characteristic of the tunors. Again, we know that many
ki nds of physical and chem cal agents have been associ at ed
wi th causing these types of effects, and in various kinds of
ani mal nodel systens causing carci nogenesis and that has
been tightly linked to the ability to nodify DNA and cause
heritabl e changes in the DNA. So, a lot of the focus of
concern with genetic effects has been on the relationship
bet ween under st andi ng t he mechani sm of genetic changes
| eadi ng to carci nogenesi s.

[ Slide]

So, as | have already said, the concern has been
with detecting these general classes of chem cals, and
regul atory testing guidelines within a variety of types of
regul atory agenci es have been devel oped to identify cl asses
of genetic alterations that have been associated with human

and ani mal di seases and, essentially, these classes, as |
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have said, are base substitutions, chronosonal deletions or
addi tions, chronosonal aberrations and chronosone | osses.

[ Slide]

The m cronucl eus assay is a part of many of these
regul atory schenes, and the reason is because it is a
conveni ent screening test to detect agents that cause
chronmosomal abnormalities that | ead to breakage, aberrations
or | oss of chronosones.

[ Slide]

The nmechani sm by which this occurs is illustrated
in this slide. The principle of the assay is that when you
have di sturbance of the normal chronosomal replication and
segregation process that |eads to the lagging of either a
whol e chronosone or a fragnment of a chronosone, these broken
fragnments or these | aggi ng chronosones may not be
i ncorporated into the new daughter nuclei and may be |eft
behind to forma snmall body that | ooks very nmuch |ike a
nucleus. It is a nenbrane-bound body that fornms a smal
nucl ear-11i ke body, hence the nane m cronucl eus. Because
these mcronuclei are very easy to detect and score, this
assay has cone into fairly widespread use in the regulatory
comunity.

To think about the mechanisminplies a nunber of
things. |If one has damage in a cell within the nucl eus, the

assay is detecting types of events that will do one of

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



Sgg

several different things. One is that if there is a lesion
inthis cell that causes a break or if there are breaks
within this cell, that is not visible within the cell until
the cell goes through this division process. But if there
are such lesions that | ead to doubl e-strand breaks within
the chronobsone, then one can get either chronosomal
fragnents without centronmeres so they are not attached to
the spindle of the cell, or it can give rearrangenents that
cause physical abnormalities that nay cause physi cal
i npai rment to normal segregation during the mtotic process,
and these may | ead to | agging fragnents or |agging
chronosones, or disorders in the segregation process itself
or within the spindle that nmay disturb the attachnent of the
chronosones to the spindle and the normal function of the
spindle may | ead to | aggi ng whol e chronosones that may give
m cronucl ei .

[ Slide]

Now, one of the things we will be hearing about in
the neeting is data that are based on the so-called
cyt oki nesi s bl ock method of m cronucl eus assay. This slide
is sinply a replication of the other, but depicting the
process of division of a danmaged cell using the cytokinesis
bl ock nmet hod where an agent such as cytochal asin woul d be

added to prevent the cell from continuing through the cel
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cycle but, rather, would be trapped in the first nuclear
di vi sion without cytokinesis or division of the cell.

So, under these conditions danaged cells would go
through their first replication and be trapped at the first
di vision. Now, why would you want to do that? The reason
you would want to do that is because the nature of nobst of
these events is that they are cell lethal events. They are
mar kers of classes of damage that may induce heritable
genetic alterations, but the actual events being neasured,
which is the loss of a whole chronbsone or a nmajor part of a
chronosone, generally is a cell lethal event. So, if you
have normal ly dividing cell populations what happens is that
when you damage a cell in the first-division-generated
m cronuclei and if that damage is not continuing, the
damaged cells will be rapidly elimnated fromthe
popul ation. So, to nmaxim ze the sensitivity of the assay it
is desirable to trap the cells within that first division
where the damage i s maxi nmal .

[ Slide]

Now, m cronucl eus assays have been devel oped in
many different cell and tissue systens. The in vivo bone
marrow erythropoietic cell assay is perhaps the nost w dely
used. This is a part of recommended testing schenes in a
variety of different regulatory centers and agencies. Mny

in vitro systens have been devel oped, and we will hear about
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those systens during this neeting. Human |ynphocytes or
cultured mammalian cells in vitro or in vivo may be sanpl ed
and then cultured and mcronuclei identified. M cronucleus
assays al so have been devel oped in other tissues, such as
liver, intestine, skin, spleen, spermatocytes in vivo in the
whol e ani mal systens.

[ Slide]

Basically, that is the rationale for using the
test as a nmethod of identifying those certain classes of
genetic abnormalities. It is a convenient screening test,
and | think there are sonme general considerations that we
need to be aware of as we discuss the findings in this
wor kshop and the inplications of the findings.

First, scientifically we have to recogni ze that
when we i nduce damage, the damaged cell nust replicate and
progress at |least to nuclear division to degenerate a
m cronucl eus; that the events that |ead to chronpbsona
aberrations and, hence, mcronuclei are generally cel
| ethal events; and that cells that contain themare
generally rapidly elimnated fromdividing cell popul ations.

So, we need to pay attention to the kinetics of
t he exposure in the sanpling situation. In general, the
frequencies are highest in the first daughter cells after
treatnent and then decline fairly dramatically in subsequent
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generations. So, cells nust be observed at appropriate
times with respect to exposure.

Now, what does it nean when you have positive
findings? Well, | think if one has positive findings and if
t hose findings occur under conditions of exposure that are
relevant to in vivo exposure situations, then those findings
woul d rai se significant concerns about carcinogenic and
possi bly other health risks dependi ng upon the exposed
tissues.

| think it is also inportant to keep in mnd that
mechani stic studies mght be indicated to fully understand
the significance of the finding. As | showed you, there are
a nunber of different mechani sns that can generate a
m cronucl eus, and the inplications, the risk inplications of
an agent that is devel oping DNA strand breaks nmay be a
little bit fromthose that disrupt spindle assenbly, for
exanple. They may have different types of dose-response
curves, risk extrapolation and so on, and in a short
introduction | don't have tine to go into it, but there are
ways to follow up on these studies and to identify the
nature of the danmage and the type of damage that has been
i nduced.

So, basically, those are ny coments. The idea
was just to give a very brief background on the nechani sns

and sone of the kinetic considerations that | think are of
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concern, and how the assay really fits into general
regul atory schemes. Then, as far as specific application
wi thin the radi ofrequency energy area, that is sonething
that I amnot personally involved in but that CDRH woul d be
able to comment on if you wanted to di scuss that further,
|ater in the workshop.

DR. O/NEN. Thank you very nuch, Dr. MacGegor, for
a very hel pful introduction to the specifics of the assay
and to its use in regulatory assessnents.

Qur next presentation is by Dr. Luc Verschaeve on
RF genotoxicity and m cronucl eus studies. Luc has |ong
experience in genetic, carcinogenic and teratogenic effects
of radi ofrequency field exposure. And, | would ask him
first of all, to give ne two things -- a tutorial on the
pronunci ati on of your |ast nanme, and also to explain to
everyone what VITO, your institution, stands for.

RF CGenotoxicity and M cronucl eus Studies

DR. VERSCHAEVE: Well, the pronunciation of ny
name i s Verschaeve. But | think it is only in Flem sh
countries that it is pronounced like that. So, | amused to
having a ot of different pronunciations. Sonetines, when
sone people call nme, | don't even understand that it is ne
t hat they want.

[ Laught er ]
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So, don't worry; | think that you did it very
well. Then VITO VITOis the institution where | work. In
free translation, it is the Flem sh Institute for
Technol ogi cal Research. It is an institution where we have,
in fact, research on three different main topics, let's say.
It is newmaterials; it is energy and it is environnental
studies. | belong to the environnental departnent, and nost
specifically to the toxicology departnment where | am wor ki ng
in a genetic lab, and let's say that nost of the things that
we are doing are related to environnental pollution, and
radi of requency fields are one of the things that we are
doing, but it is not only that.

So, let's cone to the discussion of today. | was
asked to give a short overview of the studies that have been
performed so far in the field of genetic toxicology of
radi of requency fields. Now, as you probably know, there are
at this nmonment | think about 100 or 150 different studies
t hat have been published so far. So it is, of course, not
possible in 20 mnutes to give an overview of all those

i ndi vi dual studi es.

[ Slide]
So, | would like to start by giving sone review
papers for those who are not acquainted with the topic. |If

you want to have nore information, you can consult those

papers. They are relatively easy to obtain.
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The first paper is from Brusick, which was

publ i shed about two years ago in Environnental and Ml ecul ar

Mut agenesi s, and the second one is fromnyself, about the

sane period, published in Mutation Research. So, there are

only four if you want to have nore detailed information.

[ Slide]

This nmorning there were also two expert panel
reports that were nentioned. The main conclusions were
al ready nentioned too so | will not do that. But | can
maybe say that both reports can be downl oaded on the
Internet. So, if you want to have them they are conpletely
avai l abl e. They both have about 150 pages so they are quite
i mportant reports not only, of course, on genetic toxicology
but on all health aspects of radiofrequency fields and, nore
specifically, on nobile phone frequencies.

So, the first one is the Royal Society of Canada,
whi ch was nentioned, and the other one U. K. [|ndependent
Experts Group on Mobile Phones. That was nade avail abl e
only two nonths ago. So, if you want to download it, it is

really easy to do.

[ Slide]
Now I will cone to genetic toxicol ogy of
radi of requency fields. As | said, | can only give sone

generalities, but I think it is inmportant to say that from

the 100 papers that are published so far actually nost of
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the studies are involved with frequencies that are not
nobi | e phone frequencies. There are a few studies on nobile
phone frequenci es but nost are other frequencies, and al so
t he exposure conditions are usually different from what you
can expect when you are using a nobile phone. So, | think
it is inportant to say that, even if | think that you can
nore or |less consider that the results aren't relevant yet.

More inmportant than this, as was already said this
nmorning, is that we all know that radi ofrequency fields can
have thermal effects. When the exposure level is high
enough you will induce heat in cells or you will induce heat
in organisnms, and it is well known, for years, that just
heati ng can cause genetic effects. You can have m cronucl ei
by heating; you can have teratogenic effects, bioeffects,
and so on just by heating. So, it is inportant to know that
a |l ot of studies, and probably nost of the studies that have
been published so far, were studies where the exposure |evel
was relatively high and where you can say that a therma
effect is probable, if not for sure. O course, there are
al so other studies and other effects possible that are not
thermal effects but in many cases we have to deal with
publications that are on thernmal effects.

[ Slide]

| think it is inportant to say that because when

we | ook at the data that is published -- this is a table
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that | made fromthe paper of Dave Brusick. It is only part
of the data but I think it is enough to show what | want to
say. That is, when you |l ook at the different studies that
are already published now -- and this is for '98 so there
are a few nore now -- you see that, for exanple, there are
24 investigations published on mcrobial systens, and only
one gave a positive response, and by positive | nmean that
sonme genetic effect was identified. So, in this case about
4 percent of the investigations with mcrobial systens were
positive.

But when you look at in vitro cytogenetic studies,
fromthe 32 studies 12 were positive which is a little bit
| ess than 40 percent. You can see the figures for other
tests but | don't give themall. But, for exanple, dom nant
|l ethals and in vivo cytogenetic tests score relatively high
About 50 percent of the studies show sone genetic effect.

When you |l ook at this table, you can think, I
bel i eve, that, indeed, radi ofrequency fields can pose sone
problenms. A lot of studies are positive. Mst are negative
but, yet, a lot are positive. But you have to | ook at the
i ndi vi dual studies. When you do that, you will see that,
for exanple, especially for domnant |lethals and in vivo
cytogenetic studies, nost of the studies are clearly studies
where the exposure was thermal. So, | think that the

concl usion can be that nost of those positive studies are
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due to heating effect and not to the radiofrequency fields
as those that you can have when you use a nobil e phone, for
exanple. So, this table is, in ny opinion, rather

m sleading. | think that heating is the main reason for the

positive effects even if nost of the studies remain

negati ve.

[ Slide]

Now, with what | said about the radiofrequency
fields in general | tried to give you sone idea about

studies that are perforned on nobile phone frequencies. |
give you a table of nost of the studies that are published
so far. So, you can see that there are studies on different
endpoints. | only give a table for cytogenetic studies
here. There are studies on chronosonmal aberration, sister
chromatid exchange, m cronuclei and sone others. Different
cell systens were used. Most of the studies here are in
vitro studies; different SAR values. And, you see that
there are different outconmes but nost of the outcones,
again, are negative but there are sone positives. There is
i ncreased chronosonmal aberration here. | had better not
tal k about the | ast study because it is a study that is not
conpleted and it should be evaluated further. But, anyway,
there is one positive study here with an SAR of 1.5 Wkg
which, | believe, is still thermal.

[ Slide]
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| go on with the table. You see sone ot her
studi es here. Again, nost of themare negative but there is
one positive here. This study by Phillips, in 1998, was
performed under conditions that can be considered non-
thermal, and it is a positive one where you have a decrease
in genetic effect when the exposure level is |ow but an
increase with a high exposure.

So, again, when you | ook at studies on
genotoxicity of nobile phone frequencies, you can nore or
| ess have the sane conclusion as for radiofrequencies in
general. Mst studies are negative but there are sone
positive ones, although you can mainly think that it is due
to heating but not always.

Anot her thing is that sonetines people think that,
okay, radiofrequency fields or nobile phone frequencies are
not genotoxic thensel ves but they can have sone epi genetic
effect. They can, for exanple, enhance the effect of
sonething else. This was already investigated, mainly by
the group of Meltz in San Antoni o, who should be here today.
You can see that all his studies give a negative outcone for
different frequencies, for different cell types, different
genetic endpoints and al so different chem cal or physi cal
mut agens that were used in conbination with radi of requency
fields -- for exanple, mtonycin C, adrianycin, Uviolet

proflavine. Conbinations were nade. The cells were exposed
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simul taneously to the radi ofrequency fields and the chem cal
or physical nutagen and al ways the results were negati ve.

[ Slide]

But, again, as for everything, this is not always
So. There are a few studi es where positive findings were
obtained. The first one is a conference report, and | am
not sure | can nmention it because | don't have too nany
details about that study and at |east, nyself, | have no
details about dosinmetry so maybe we are clearly in heating
conditions, | don't know. Anyway, they found an increase of
the effect of ethyl nethane sul fonate when cells were exposed
in conbination with two radi of requency fi el ds.

The second study was performed in ny |ab and we
found the sane thing. The effect of mtonycin C was clearly
increased in a very reproduci ble way when cells, in this
case human | ynphocytes, were exposed to 954 MHz radi ation
and then, afterwards, to mtomycin C. So, the exposure was
not simultaneous but first radi ofrequency fields and then
cultivation of the cells in the presence of mtonycin C

We | ooked here at sister chromatid exchanges. W
have done this study for eight or ten different donors. W
al ways found the sane reproduci ble effect. So, we are sure
that this result is true. But there is a problem and that
is that if we repeated that study with | onwer SAR we found

nmore or | ess the same result but nuch, nuch | ess clear. | t
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was nore or |ess borderline. W could think here that this
is because the SARis |lower. So, maybe that is the reason.
Wen the exposure level is |lower you have a | ower response.
But nost surprisingly, we repeated it again for 900 M w th
mtonycin C, and we did a study with a power output from
zero up to 50 Wwhich is an SAR of 0 up to 10 Wkg, and we
al ways got negative results. So, it is conpletely in
contradiction with the study that we perforned before.

| have no explanation for that at this nonent.
The only thing that | can say is that here we went fromO
dose to relatively high doses that are clearly thermal and
we don't find anything anynore. The difference can be the
exposure system Here is the Mcell that was introduced a
couple of mnutes ago. Here it was just exposure close to
the antenna fromthe GSM base stati on.

So, again, | think if you look at all those
studi es on synergistic effect, nost are negative but there
are sonme, let's say, puzzling data that still remain and
that naybe nerit further attention.

[ Slide]

| will also say sonething about a study that is
not published yet, but we performed sone biononitoring
studies for, at this nonent, nore than 40 subjects that are
occupational ly exposed to radi ofrequency fields, and mainly
from GSM nobi | e phone type. W found no increase in
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chronosomal aberration frequency; no increase in sister
chromati c exchange; and no increase in DNA content. So, al
this was conpletely negative. Maybe this is an inportant
study because it is areal-life situation. Unfortunately,
we have not investigated mcronuclei so far so it would be
interesting to see what this would give.

[ Slide]

Now | come to the studies on mcronuclei. Here
are the main investigations on this subject for in vitro
m cronucl eus test. You can see that there are again, as
al ways, sone positive and sonme negative results but it is
quite surprising that nost of the studies are positive in
this case. You have, for exanple, four positive studies
here and only one negative study. Again, of the positive
studi es sone of them may be considered due to thermal
insults. This one, for exanple, was a pilot study that we
performed in our lab. The SARis 75 Wkg | think, not 76
but it doesn't matter. Anyway, it is high. 1[It is clearly
t her mal

In this publication we also used a netallic
therm stor probe, and as was said a couple of m nutes ago,
this was also |l eading to hot spots probably. W have
repeated the study without the netallic thermstor. W
still find increased m cronucl eus frequency but the SAR is

still high.
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St udi es by Garaj-Vrhovac and her collaborators in
Zagreb are al so positive. They claimthat the exposure
situation was non-thermal but when you clearly | ook at the
data, nost probably dosinetry was not well perforned and the
exposure is thernmal.

[ Slide]

So, in vivo studies -- you can see in rodents
different frequencies, different SARs and different cel
types that were investigated but, again, positive results
and negative results.

[ Slide]

Sonme nay be due to thernmal effects but not all,
and what may be inportant here is that sone studies were
performed on, let's say, normal |ife exposure situations.

For exanple, this is not nobile phone frequency but involves
living close to and in front of a radar station and you have
clearly increased m cronucl eus frequency in the bl ood

| ymphocytes of those living there who have, let's say,

normal daily life exposure.

We al so have a positive study here, again by the
group from Zagreb, where there is a clear positive response
in mcronuclear frequency in occupationally exposed
subj ect s.

DR. CHOU. What is the difference between the |ast

one? One shows positive and one shows negati ve.
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DR. VERSCHAEVE: The difference is just that they
did two different studies using two different groups of
occupational |l y exposed subjects. So, | can consider that
probably the exposure is different. The only problemis
that in those two studies there was no real dosinetry. You
can only say it with people who were exposed during a given
period of time due to their occupation, but you don't know
how much t he exposure was. So, it is nost probable that the
exposure here is less than the exposure here. But it is not
really docunented because they have not done dosinetry.

So, | think actually |I can stop here just by
saying what | said in the beginning of ny talk, that is,
when you |l ook at all the studies that have been performed so
far, nost are negative and the overall conclusion is that
radi ofrequency fields are not genotoxic.

When you | ook at those studies that give positive
results, nost of themare clearly due or probably due to
heating effects, but when you | ook at m cronucl eus frequency
conpared to other types of genetic endpoints, then you see
that there are a few nore studies that are positive than
negative in what | may call here real-life exposure
situations. So, | think that is probably the reason why we
are here today, to discuss what the relevance of this is. |
will stop here. Thank you.
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DR. ONEN. Thank you. Wth that, we are at the
concl usion of our introductory presentations, and because of
m ssing one talk and other things we are a little bit ahead
of schedul e but not too far ahead of schedul e.

Di scussi on

The purpose of the discussion slot in the agenda
right nowis to obtain any clarification that is needed on
t he background information that has al ready been presented
this norning so that we will be as fully prepared as
possi ble for the data presentations this afternoon. So,
woul d i ke to ask at this point people in the working group
whet her they have questions they would |ike to pose to
ot hers of the working group that nmade the presentations this
nor ni ng.

DR. TICE: | have one thing that Luc m ght want to
mention or talk about a little bit. On sone of those
studies that he quoted or |ooked at that were in vitro where
t hey | ooked at m cronucl eus, they al so | ooked at chronosone
aberrations at the same tine. |If | renmenber, at least in
the studies done in your |ab, they saw an increase in
aberrations under the sanme conditions that they saw an
increase in mcronuclei.

DR. VERSCHAEVE: Yes, that is right.

DR. TICE: Then, one of the studies that was done
by the group out of Belgrade, | guess --
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DR. ONEN. Zagreb.

DR. TICE: Yes, Zagreb. They also | ooked at the
m cronucl ei based on size distribution to try and see if
t hey coul d understand the nechani smof formation, and they
concluded that the majority of m cronuclei were probably
caused by acentric fragnents, which also went along with
them finding an increase in aberrations in their exposures.
So, at least in those particular sets of experinents, there
is a concomtant increase in both aberrations and
m cronuclei, and it |ooks like the mechanismthat is
operational is acentric fragments. And, that is probably
i mportant fromthe standpoint of trying to understand
nmechani sns.

DR. OVNEN:. Howar d?

MR. BASSEN. Yes, Dr. Verschaeve, in your talk you
stated that probably nost of these positive effects on
m cronucl eus formation are due to tenperature rise or
thermal effects, and the SARs on these are known with sone
degree of uncertainty.

DR VERSCHAEVE: Yes.

MR. BASSEN.: M question is in humans there is a
tenperature variation, especially due to netabolic activity,
heat stress. What is the normal range of human tenperature
rise, and why doesn't that cause m cronucl eus formation

conpared to RF, or does it?
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DR. VERSCHAEVE: |If | understand your question,
wel |, you say why doesn't normal increase in body
tenperature give mcronuclei and heating effects by
radi ation? That is what you asked?

MR. BASSEN: Wiy does tenperature rise due to
normal netabolic activity not cause m cronucl eus formation
in the human? These studies, | understand, are in vitro.
So, | amjust trying to distinguish between RF-induced
m cronucl eus formation that nay be due to tenperature rise
and to differentiate that fromis there m cronucl eus
formation in humans due to tenperature rise from ot her
sour ces?

DR. VERSCHAEVE: | amnot sure. | don't think
can answer that. | nean, as far as | know, nobody has done
m cronucl eus tests in people with, let's say for exanple,
sonme hi gh physical activity where body tenperature
increases. | don't think this was done. Wen physical
activity is high you will find increase in DNA danage --

DR. FENECH: Excuse ne, there have been studies
foll ow ng exercise with the m cronucl eus assay --

DR VERSCHAEVE: Maybe.

FENECH. -- and increases have been reported.

VERSCHAEVE: And there was an i ncrease --

3 33

FENECH: Yes. There was at | east one Gernman

study that | am aware of.
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MR, BASSEN. But it is not necessary due to
t hermal --

DR. FENECH: No, it is not necessarily due to
thermal. It could be oxidative or a conbination of both.

DR TICE: | mght nmention that at |east in anim
studies there is one in vivo study putting hypertherma --

DR. VERSCHAEVE: There i s one, yes.

DR TICE: -- into mce and showi ng an increase in
m cronucl ei --

DR. VERSCHAEVE: Yes, that is why | said it is
docunented that heating will increase m cronuclei.

DR TICE: Also, when they do hypertherm a for
tunor treatnments there have been associated increases in
aberrations --

DR. VERSCHAEVE: Yes, but that is also radiation
i nduced.

DR TICE: Yes.

DR. VERSCHAEVE: So, you cannot say it is nornmal
body activity.

DR. HOOK: But with normal body activity you are
really tal king about a three degree increase in body average
tenperature. You don't usually see these effects of
m cronucl eus until you get up to about 40 degrees Cin
animals. So, that is outside, | think, normal fluctuations.

DR VERSCHAEVE: Yes.
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DR. HOOK: You would be in a high fever state.

DR. VERSCHAEVE: Wth high fever you have
m cronucl ei .

DR. HOOK: Yes, with high fever there is sone
evi dence.

DR. WLLIAVS: In those studies was the
m cronucl eus pattern with any particul ar type of chronobsoma
aberration?

DR. HOOK: The ones that | have seen, as opposed
to what has been reported here so far, are showing that it
is likely to do with whole chronbsones rather than acentric
fragnents. That was based on in situ hybridization | ooking
for what was in the mcronuclei and they are finding whole
chr onosones.

DR TICE: It looks |ike another inportant point,
at least from | ooking at our data and trying to explain it,
is that all the hypertherm a effects are when cells are
proliferating. Hypertherma is there during cel
proliferation and you are getting abnornal cytokinesis,
abnormal disjunction, and that seens to be the primary
cause.

DR. HOOK: But do you see it only when cells are
near mtosis when they are heated or when they are heated in

other parts of the cell cycle?
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DR TICE: | don't think the way the experinents
are designed can really -- because, you know, you are
exposi ng a body or exposing cells and then you are doing
sanpling and you don't even know if there is a delay, but
Joe m ght have a comment.

DR. ROTlI ROTI: Yes, | was going to say that we
haven't specifically |ooked at m cronucl eus formation but
nost of the nucl ear damage that is nmade permanent during
heat involves cells having to traverse S-phase shortly
after the heat shock or during the heat shock. Then, the
damage is manifest in mtosis. So, it is not really damaged
during mtosis but, rather, during S phase.

DR. VERSCHAEVE: Bl ood | ynphocytes were exposed --
| mean, you take blood, you expose the cells and after the
exposure you grow them and you still have m cronucl ei.

DR. ROTl ROTlI: Right.

DR. VERSCHAEVE: So, it is not only during S
phase.

DR. TICE: So, there can be a del ayed response.

DR ROTI ROTI: | will just comment on that. |If
you use hi gher heat exposures, then post-heat transit of S-
phase can fix nucl ear damage. |If you have rather nodest
hypertherm c exposures, then cells have to actually be
transversing S during the exposure.

M LLER REPORTI NG COVPANY, |NC
735 8" Street, S E

Washi ngt on, D.C. 20003
(202) 546-6666



Sgg

DR. MORCS: | have a general question for the
panel. Has anyone characterized in any cell |ine what the
thermal dose is necessary to see mcronucl eus? Wat | nean,
if you heat for ten mnutes what woul d be the tenperature?
| f you heat for thirty m nutes what would be the tenperature
that would cause it? Because we really need that piece of
information to judge any RF study, either prospectively or
retrospectively. W need to know when the M appears. |If
t hat has not been done, then this is definitely sonething
t hat needs to be done.

DR. FENECH. As far as | amaware, it hasn't been
done systematically.

MR. BASSEN:. Could you repeat your |ast sentence?
You said we need to know when the MN -- what?

DR MOROS: It is sort of |ike charting the
territory before you go into it. For several cell lines we
need to know m cronuclear formation as a function of thernmnal
dose. Thermal dose, as you may know, is a conbination of
tinme and tenperature. The effects of 40 degrees may not
appear in five mnutes but may appear in half an hour. You
know, the effects of 90 degrees may appear in a couple of
seconds. So, for tenperatures that are relevant to the
radi of requency experinental field, we need to chart the

territory and we need to know m cronucl ear formation as a
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function of thermal dose, and it appears to ne that that is
not avail abl e.

DR. FENECH. And, of course, if you are using the
human | ynphocyte test system it would also apply to inter-
i ndi vidual variation and the response to heat, of which we
have no real idea at this stage.

MR. BASSEN: So, this would be a shamtype of
exposure with tenperature elevations? |s that what you are
suggesting to do?

DR. ROTlI ROTlI: | guess | can answer that because
we are doing sone sorts of studies along these lines. 1In a
sense, since we always tal k about thernmal artifacts or
thermal effects confusing the non-thermal RF effects, what
we have been doing with sone of the biological endpoints is
characterizing | owdose thermal effects for that endpoint in
terms of time at a given tenperature that would be typica
of sonething that m ght occur in the field w thout you
detecting it.

So, what we are saying is that heat could be used
as a positive control. That is one need to do a tine
tenperature characterization. But another need is to
characterize it as a potential artifact and what effects on
m cronucl ear formation are there for half a degree for 30
m nutes, or for a degree for 15 mnutes, or sonething |like

t hi s.
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MR. BASSEN. In the absence or RF exposure?

DR. ROTI ROTI: Yes, in the absence of RF
exposure.

DR MORCS: | would like to say sonething el se.
am a bi onedi cal engi neer and nedi cal physicist, and | have
worked in the field of hypertherma for many years too so |
have sone practical experience with thernonetry and those
experinments in the biology lab. So, | have sone feeling for
what the tenperature trajectory is maybe for a group of
cells in whatever container you have. And, one thing that
never conmes up -- well, 1 shouldn't say never but al nost
never conmes up in the publications that | review is what
happens before the cells nake it to the irradiators. Mbst
of these cells are actually col d-shocked, and nobody has
really characterized what is the inpact of actually |owering
the tenperature of the cells from37 in the incubator to
maybe 20, maybe 15 dependi ng on the amnbi ent tenperature.
There are evaporated | osses during this trajectory that may
have an inpact. W don't know, we haven't |ooked at it.

And, that may explain, | may say, sone of this inconsistency
in the results -- sonetinmes positive; sonetines negative for
t he sane basic experinent.

DR. ALLEN. Is there any information on whether by

reduci ng the tenperature this would inpact heat shock

response or other kinds of stress response?
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DR. ROTlI ROTI: Absolutely, there is a |ot of
l[iterature on col d-adapting cells before you do hypertherm a
on them because if soneone is treating a skin tunor it is a
very different thing because the skin is colder than the
internal surface. So, there are lots of different heat-
shock responses -- heat-shock response based on the delta
tenperature, not on the absol ute tenperature.

DR. HOOK: And there are reports in vivo that
hypot herm a al so i nduces m cronucl eus --

DR. ALLEN. This could be through a | owering of
the stress protein response. It is possible.

DR HOOK: The time franme is a |ot shorter though.
| mean, normally you don't have the cells sitting out for a
long tine as opposed to the tinme that you are exposing to
what m ght be a hypertherm c condition.

DR. FENECH. | would like to ask for sone
clarification on this question of the thermal effect being
consi dered as a confounding factor. W have had one or two
experinmental designs shown to us where the surroundi ng water
tenperature is reduced to nake sure that the tenperature in
the culture tube is about 37 degrees.

The point of clarification | would like here is in
terns of the relevance to the in vivo situation because in
the in vivo situation we have blood circulating, let's say,

around the tissue at 37 degrees. So, one could argue that by
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| owering the tenperature of the circulating water you m ght
create an artifactual systemthat doesn't quite reflect what
is happening in vivo in terns of the circulating fluids
around the tissue you are studying. | was wondering what
the response to that sort of view would be fromthe panel

DR CHOU. Well, that is exactly what we want to
do. Even in the body, to keep it constant at 37 -- if you
control the tenperature you will see sonmething relating to
RF alone. So, that is the whole purpose of trying to
control the tenperature.

DR. FENECH. If you have a tissue close to the
source of radiation in the body, the blood flow ng around it
presumably woul d be at 37 degrees. |Is that correct?

DR. MOROCS: Actually, that is not always the case.
Bl ood tenperature, whether it is arterial or venous, changes
dependi ng on what part of the body you are tal king about.
The bl ood in your hands may be 25 degrees at this nonent in
this relatively cool room Now, your internal tenperature
i nside the body cavity is always around 37 degrees but not
anywhere el se. Your ears may have very | ow tenperature.

DR. FENECH. Are tenperature neasurenents being
done - -

DR. MOROS: Actually, not in the field of RF that
| know of, but there is a very large body of literature in
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terms of human regul atory responses because of the space
program So, it is out there.

DR CHOU. Well, there is a study on that but it
is not published yet. They neasured the tenperature of the
cell phone at the ear, and the conclusion is that nost of
the heat is due to the battery heating. You can term nate
the RF and the tenperature rise due to the phone heat
conduction --

DR, MOROS: Sure.

DR. CHOU. -- conpared wth the antenna there,
there is not nuch difference. So, that neans is that nost
of the heating is due to the battery heating.

DR LOTZ: Wat | thought M chael was aski ng was
the difference, and while blood tenperature is going to vary
consi derably dependi ng what part of the body you are talking
about in a given part of the body, under stable conditions
it is going to be relatively constant. Quite so, in fact.
And, what | thought M chael was asking was the contrast in
t hat between the situation we often apply in the in vitro
| aboratory setting where you offset the circulating bath
tenperature to conpensate and renove the heat that the RF
m ght create in an effort to naintain an isotherma
condition, if you wll, and that that is different. That is
what | thought M chael was bringi ng up.

DR. FENECH: That is the brain offset.
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DR LOTZ: That is right. The body doesn't offset
for a particular tissue. |If anything, if there is
significant heat deposited, the blood tenperature will go up
in that region as it takes away that heat.

MR. BASSEN: In ternms of head and brain especially
t he body thernoregul ates that nost of all. So, any heating
that is induced in the brain is imrediately equilibrated to
mai ntain 37 degrees in the brain. So, that would be simlar
| think to an in vitro exposure system where you are trying
to maintain the fluid and culture nedia at 37 degrees. By
cooling, or whatever neans, it would enul ate the bl ood.

DR. HOOK: Not to mnimze the argunent, but the
desi gns of our exposure systens are not neant to try to
mmc the human situation. Wat we are just trying to do is
keep the cells at 37 degrees because we know that if we |et
it go up we can have effects. So, that is the reason

The other thing is that | would think that in part
it is the gradient that is the inportant issue here. In
that case, then we m ght be tal king about sonething that is
a lot closer to human situation. There is a thernal
gradient there in both cases and that m ght be the point
that needs to be considered rather than which one is higher
or | ower.

DR MOROS: | agree. There are two issues that

are inportant fromny point of view As the SAR increases,
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then the gradients are going to be higher. So, your cooling
nmet hod has to be nore effective. Then, when you start
getting into high SARs, and | probably nmean about 10 Wkg,
you start tal king about thermal tenperature wthin your
sanpl e and, again, that is sonething that has not been
charted, not been studi ed.

But it is inportant to keep in mnd that if you do
a point tenperature measurenent, it doesn't nmean that your
entire sanple is at that tenperature, especially as the SAR
starts going up and your thermal gradient is going to be
nore and nore drastic. So, that is just sonething to keep
in mnd.

DR. MACGREGOR: | have two questions and |
apol ogi ze if these were covered before | arrived, but one
was in those positive studies, how do the radi of requency
energies in the studies conpare with those that m ght
actually occur in the exposed human in vivo?

Then, the second question is do exposures that
could occur in the human, are they high enough energy to
change the tenperature, or is it established that there are
no tenperature changes in exposed hunmans?

DR. VERSCHAEVE: Maybe | can say that at |east for
those studies where there is, let's say, real-life exposure
situations, |like the cows under radar stations and sone

occupational subjects, apparently there is no increase in
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body tenperature as far as | know, but | have no details of
many of those studies. So, | can only say for sone that |
know.

DR. ONEN. | guess the other factor that plays
into that is that the existing safety guidelines are
designed to limt tenperature increases. So, that would be
part of the reason that you wouldn't see a lot of real-life
exposur es.

DR. ROTl ROTlI: Can | cone back to a question that
was rai sed when we had sone discussion because | think there
is a research philosophy that needs to be put on the table
as part of an answer to the question of the real -- the fact
that there is possibly a thermal rise in the human exposure
si tuation.

To begin wth, | think there is debate regarding
are there robust, reproducible, non-thermal effects of RF
radi ation. And, to answer that question first we really
need to have the constant tenperature exposure studies done.
| f and when a robust, reproducible effect is established, |
think then it is very appropriate to go ahead and ask is
there a synergy with a small tenperature rise because that
is inmportant to the question you put on the table. But I
think you really need to define the effect first, and we
have done studies like this with heat-shock factor

activation, as a matter of fact. W actually did this with
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915 MHz radiation to see if just heating with m crowaves
al one was any different than heating with a water bath and
HSF activation. So.
DR. MACGREGOR: And?
DR. ROTlI ROTI: And there wasn't any difference.
DR. MOROS: CGoing back to the question over here,
Dr. MacGegor, in the cellular phone frequency range, and
think I amtal king about 900 MHz, there was a paper this

year in the European Journal of Physics and Medicine and

Bi ol ogy, by a group from Der Urecht who have devel oped in
the last 15 years or so a very sophisticated thermal node
for use in hypertherm a cancer treatnment. They applied that
nodel to the case of the cellular phone against the head for
heati ng of the brain, and they showed m ni mal heati ng.
t hi nk the maxi nrum was around two-tenths of a degree Cel sius.
That is the best thermal nodel, nost conplete thernmal nodel
-- it includes blood vessels and everything el se -- that
exists. So that speaks volunes to nme, that increase in
brain tissue tenperature due to cell phone exposure is
m ni mal

DR. CHOU. Yes, that is also true for the Japanese
paper and also an Italian paper which also say the sane
thing, using thermal nodeling with FDTD cal cul ati ons.

Then, in addition to that, | also nentioned the

measurenent -- when you put a phone near your ear, even your
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of fi ce phone, you are going to block the circulation and
press on your ear and that can increase the tenperature by
several degrees. So, conparing with RF absorption, it is
|l ess than 0.2 degrees. So, relative to the other effects it
is a very small difference.

DR. ONEN. Dr. Lagroye, did you have a comment or
guestion?

DR, LAGROYE: No.

DR. MACGREGOR: | guess | amstill not entirely
clear on ny first question, that is howthe in vitro
exposures correlate to the human in vivo frequency. Are
t hey much hi gher or the sane order of magnitude?

DR VERSCHAEVE: Yes, the in vitro studies,

i ndeed, usually are nmuch higher than in vivo. |If that is
what you want, that is, indeed, the fact.

MR. BASSEN:. | thought you had SAR | evels of 4
W kg where you saw effects

DR. VERSCHAEVE: Yes.

MR. BASSEN: And the cellular phone limt is 1.6
WKkg in the maxi num hot spot. So, it is not that far away.
In the head that is the maxinumin any place, and nobst
places it is much | ower.

DR. ONEN. The results presented this afternoon
also will bear a lot on that question. So, it mght be
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sonet hing that we can go back to in the discussion after
t hose presentations.

DR. FENECH. To the radi ophysicists, can | ask is
t here anyt hing known about the differences in the dielectric
properties let's say of the nucl eus as opposed to cytopl asm
of the cell, and do they expect differences?

MR. BASSEN:. Usually the cell is so snmall conpared
to a wavel ength that the dielectric properties are not
considered. There are significant changes between the
menbrane and the nucleus but they are too difficult to
measure. You can't neasure those. Because they are so
smal | you can't extract just those el enents out of the cell
to measure the dielectric property. So, we are talking
about mcroscopic dielectric properties that are known.

DR. WLLIAMS: One question, there seens to be a
consi stency anong the people here when they tal k about
tenperature patterns, that they are well determ ned. |
suppose ny question is over what physical domains and tine
domains do we feel we really understand the induction and
di ffusion of heat within tissue? For instance, there is
sone data saying that pignented tissue may absorb nore
strongly and may, for a very short tinme, then be at a nore
el evated tenperature conpared to other tissue, say, in the
eye. | have not worked in the field enough to interpret

whet her di scussions here are based on a general appreciation
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that, yes, when we see these pictures of tenperature
profiles that they are quite exact. Are there calculations
and then point neasurenments to confirmthenf

DR MORCS: | have not really put ny finger on
your questi on.

DR. WLLIAMS: Wen we see these pictures of
tenperature profiles, are they frozen in tine? Are those
averaged? Over what donmains? | get the inpression that we
think that these are a general nmechanismin which the
heating is fairly uniformand there is sonething about the
shape and structure in the field that produces a difference
in tenperature. Wiat | amasking is over what tine domains
and over what physical donmains are these neasurenents valid?

DR. CHOU. | think |I can answer your question.

The pictures | showed with the different colors and al

that, that is the SAR distribution. That is the

i nstantaneous tine capture of energy deposited in different
areas. Then after that there is a tenperature rise
depending on the thermal diffusion and all other things. In
the body bl ood flow and everything will be different. But
that is where energy goes. So, that is independent --

DR. WLLIAVS: 1Is that a calculation or --

DR. CHOU. That is a calculation; sonmetines a
measurenent. |t depends, yes. Mst of the colored pictures

are cal cul ati ons.
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MR. BASSEN:. But the tenperature profile versus
time at any point is highly variable for the given SAR  The
SAR is the rate of tenperature rise.

DR. WLLIAMS: | guess ny question then would be
when you say one point for one tenperature, what donain are
we tal king about? 1In other words, are we talking at the
| evel of cells? |If you have cells contiguous in tinme? O,
are we tal king about m croseconds?

MR. BASSEN: W are tal ki ng about seconds. Taking
a snapshot every second, you would see the tenperature
el evate for a given SAR unless you cooled it with sone
external means. So, SAR is the rate of tenperature rise.

So, given the fact that you can't neasure it closer than a
fewmllimeters in spatial resolution, you are watching a
mllinmeter space elevate a few tenths of a degree over
seconds.

DR. ONEN. Essentially in non-living tissue.

MR. BASSEN. And you have to cool that down. So,
there is sonme equilibration.

DR. CHOU. But this is also inportant in terns of
tenperature control. W are not just tal king about final
tenperature being the sanme; it is the RF exposure. As |
al so pointed out before, time variation during the history
is also inportant. RF heating is very difficult to mmc by

ordi nary, conventional water heating and all that. So, this
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is going to be another variable. Your history can be
totally different and cause different effects in the
bi ol ogi cal systens.

MR. BASS: But over, say, five m nutes everything
is going to reach thermal equilibriumand you are going to
get sort of a tenperature profile that is going to be non-
uniformin your sanple cell.

DR, WLLIAMS: Well, your five mnutes, is that
significant or insignificant? Wat tenperature for what
period of tinme?

DR, ROTI ROTlI: | amgoing to nmention a coupl e of
things. W don't know yet. | gave atalk alittle while
back on thermal effects, and people used the classic Dewey-
Saparetto tinme-tenperature conversion equation and created a
line in that space of tinme tenperature and said anything
below this Iine is not going to have any heating, and we
found out that HSF activation actually falls bel ow t hat
line. But, that kind of work hasn't been done.

| think that there are two things -- | haven't
give ny talk yet so | amkind of running ahead but | would
| i ke Eduardo to conment on the engi neering because you were
tal ki ng about cal cul ati ons versus neasurenents, and we did
t he cal cul ations or our engineering teamdid the
cal cul ations. They also did thernographic and tenperature

probe nmeasurenments. | don't remenber quite how finely they
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mapped, but they spent a long tinme wal king across the T-75
flask bottomwith a probe in the field. Yet, we have been
wor ki ng on, and we are just getting started on it but |
would like to do nore work on it and it would probably be
part of any of these projects, and that is a biol ogical
thernmonmeter that could be utilized in real time. And part
of that is activation of HSF but we al so have an HSP-70
construct tied to a GFP. Once that is stably transvected
into 3T3 cells, those can be grown in a uniformnonol ayer so
that you could try to activate it. W just don't know
anyt hi ng about the sensitivity yet. It nmay not be sensitive
enough for this kind of fine mapping of tenperatures. But
t hat woul d be sonmething that woul d have to be investigated.

But then, if you are turning that on you can have
a readout across the entire flask of where the hot spots
are. |If they are stable they would not pick up short
transients, |ike you are discussing, but a stable hot spot
over a prolonged period of time that could generate an
artifact mght be detectable that way. So, that is
sonmet hi ng we are thinking about pursuing.

DR. MORCS: There are two general points fromthe
engi neering point of view on the thermal control point of
view. During exposure nost people want to keep their cells
at 37 degrees. If the SARis relatively low, so if you

i magi ne this sanple where the cells are, inmagine theminside
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an adi abatic box, a box that does not allow any heat | oss.
If your SAR is |low, then you can expose this sanple inside
and your tenperature increase will be very m ninal over
time, but it will increase because the box is adiabatic.

But if you have a high SAR, then you are going to have a
rapid i ncrease. So, the thermal control requirements for

| ow SAR, nedi um SAR and hi gh SAR change drastically, and the
goal is to maintain the cells at 37. However, all cells
w Il experience during the initial period, when they are put
into the irradiator, a trajectory because, one, the

irradi ator may not be at 37 already or, two, the cells may
not be at 37 already, or the mcrowave is turned on and the
system needs to equilibrate. But the goal at steady state,
if we can call it that, after 20 mnutes or so will be to
have the cells at 37.

Now, it gets confusing at tines because when you
are nmeasuring SAR -- neasuring SAR -- you want the opposite.
You want to increase the tenperature as much as you can.

So, sonetines these two things get confused. So, | am not
going to bring up the second point but the first point is
that you want to keep it at 37 and the higher the SAR then
the nore problematic it gets.

DR ROTI ROTlI: | want to nmention sonething that
canme out of Eduardo's remark. W found very early this

problemthat if the cells weren't at 37 when they were
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i ntroduced in the roomwould cause all kinds of artifacts.
So, as a standard operating procedure all cells are cultured
24 hours before the exposure starts. So, they are well
equilibrated and the only possibility for any tenperature
drop is carrying themfromthe incubator to the RTL room
which is a very short distance, so that we can avoid any
artifact froma tenperature drop.

DR. HOOK: Well, we have a little experience with
human bl ood, cells in culture and nouse | ynphoma cells, and
sone bacterial cells and we actually found that human bl ood
held its tenperature the best and it still dropped a degree
every 30 seconds in the transport. So, just that transport
fromyour incubator you have a major tenperature drop that
i's going to happen.

DR. ROTI ROTI: But under our conditions that did
not produce neasurabl e biol ogi cal effects, whereas culturing
the cells and starting up the experinment did produce
measur abl e bi ol ogi cal perturbations. So, we had a 24 hour
pre-culture period in there every tine.

DR. ONEN. Good. | think that prinmes us very well
for this afternoon's presentations and the di scussion that
will followthat. So, we can break now and then when we
conme back together at one o' clock we will begin with the

first of the data presentations.
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[ Wher eupon, at 11:40 a.m the proceedi ngs were

recessed for lunch, to resune at one o' cl ock]
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AFTERNOON PROCEEDI NGS

DR. ONEN. Let's try and get rolling. First of
all, I would Iike to rem nd people to try and use the
m cr ophones when they speak, and I had a mniature tutori al
which I will try to repeat for you. It is inportant to be
facing the m crophone and not be very far away fromit.
Because of the peculiarities of this room if the systemis
turned up very loud we get a |lot of feedback. So, you need
to be fairly close to the m ke when you are sayi ng anyt hi ng.

Secondly, | have done sone brief introductions
bef ore peopl e have given tal ks, but people have requested
sort of an all around introduction. So, what | would |ike
to do is to ask people around the table to introduce
t hemsel ves, starting with Dr. MacGregor, on this end, with
these two tables of the working group and then noving right
along to the presenters at the third table, please.

DR. MACGREGOR: | am Jim MacGregor. | am Director
of the Ofice of Testing and Research at the Center for Drug
Eval uati on and Research at the FDA

MR. BASSEN. Howard Bassen, Chief of the
El ect rophysics Branch in O fice of Science and Technol ogy,

FDA.
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DR. WLLIAMS: | amJerry Wllianms. | am
Prof essor of Oncol ogy at Johns Hopki ns Medi cal School.
have an interest in nolecular and sol ar radi obi ol ogy.
DR. VERSCHAEVE: | am Luc Verschaeve. | ama

bi ol ogi st fromthe Flem sh Institute of Technol ogi cal

Research, but | introduced nyself a couple of hours ago |
t hi nk.

DR LOTZ: | amGeg Lotz, and | amw th the
National Institute for Cccupational Safety and Health. | am

Chi ef of the Non-1onizing Radiation Section there, and |
have a physi ol ogy and bi ophysi cs background.

DR ONEN: Russell Oaen, Chief of Radiation
Bi ol ogy Branch here, at the Center.

DR. FENECH M chael Fenech, from the governnent
research institution in Australia, CSRO

DR. LAGROYE: | am lIsabella Lagroye, Assistant
Prof essor in the Bioel ectromagnetics Laboratories in France.

DR. ELDER. My name is Joe Elder. | am enpl oyed
by the U S. Environnental Protection Agency at the Nati onal
Heal t h and Environnental Effects Research Laboratory, in
Research Triangle Park, North Carolina.

DR CHOU. C K.  Chou, from Mdtorola, Florida
Resear ch Lab.

DR. ALLEN. | amJimAllen, research biologist at

the EPA, in Research Triangle Park, North Carolina.
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DR. TICE: Ray Tice, Senior Vice President for
Research and Devel opnent at ILS in Research Triangle Park.

DR HOCK: G aham Hook, and | am Director of the
Cenetic Toxicology Program at |Integrated Laboratory Systens
in Research Triangle Park, North Carolina.

DR ROTlI ROTI: Jo Roti Roti. | amin radiation
oncol ogy at Washington University and that is in St. Louis,
and | am doi ng some RF hypertherm a and ionizing radiation
research.

DR MORCS: W nane is Eduardo Moros. | am from
Washi ngton University, Mellincrot Institute of Radiol ogy.
My background is in engineering and nedi cal physics.

DR. ONEN. Thank you, all. Now, on our agenda we
have a presentation of results fromDrs. Tice and Hook

Presentation of Results

[ Slide]

DR TICEE Gahamand | are going to give a two-
part presentation. Gahamis going to talk about the
dosinetry and | amgoing to tal k about the biol ogical
effects.

The one thing I would like to nention with a
little bit of an apology is that this paper finally did get
sent into BEMS just recently, as at the end of |ast week.
This is the data that tal ks about both the DNA damage and

the m cronucl eus induction, the data that we are going to be
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tal king about today. | also want to point out that this
wor k was sponsored by Wrel ess Technol ogy Research.

[ Slide]

| also want to nention that WIR sponsored a
variety of in vitro assays to be | ooked at within the
radi of requency program W |ooked at nutations in S.

typhi muriumand E. coli, nmutations in nouse |ynphoma cells,

chronmosomal aberrations in proliferating human | ynphocytes,
and then this presentation will focus on DNA damage in human
bl ood | eukocytes, m cronuclei and human bl ood | ynphocytes.

| just might nention that all the other assays were negative
and will be part of other papers that will be goi ng out
soneti me between now and, hopefully, Cctober. G ahan?

[ Slide]

DR. HOOK: As Ray said, | amgoing to describe the
exposure system and, to sone extent, focus on how we
utilized it. The systemthat | amgoing to talk about is
the transverse el ectromagnetic cell exposure systemt hat
C. K. described earlier.

[ Slide]

So first some acknow edgenents, Carl Sorenson, Dr.
C. K. Chou and Don McDougal for basically putting the TEM
cell systemtogether for us, and Dr. CGuy for doing all of
t he FDTD neasurenents that | am going to describe, and Dr.

McCree who hel ped to establish the system |Integrated
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Laboratory Systens, and did sone of the tine tenperature
profiles for the PCS situation.

[ Slide]

As | said, the exposure facility was established
at Integrated Laboratory Systens. It consists of transverse
el ectromagnetic cells in a radi ofrequency box that is inside
so that we are protecting the outside fromanything stray
radi of requency radi ation being admtted by the system It
consists of two transverse el ectromagnetic cells set up in
series and operated in a vertical position. Cells are
exposed in test tubes with the long axis parallel to the
direction of weight propagation. Dr. Chou showed a di agram
of the orientation earlier.

To take advantage of the nost uniform portion of
the SAR distribution, we set it up so that the cells were
mxed, 0.6 m of blood in 1 mM of nmedium It was actually
0.6 mM of blood plus 0.4 ml of media to give a total of 1
m . That was put at the bottom of the tube, and then
another 9 m of nedia were slowy | ayered over the top of
t hat .

From our experience in that system we know t hat
the cells stayed in the bottom1 m and, in fact, within the
ten mnutes or so that it took to set that up and get them
into the system the cells really settled into the bottom

one-third to one-half m of the test tube.
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[ Slide]

The tenperature was controlled using a circulating
wat er jack, internal fans and a water bath hooked up to the
circulating water. The culture tenperature was nonitored
t hr oughout each exposure using fiberoptic probes, and
recorded by hooking the Luxtron up to a conputer.

The goal during the exposure period was to achi eve
a tenperature of 37 plus/mnus 1 degree Celsius. For al
the studies that we did, both for the m cronucl eus SEG
studies but also all the others, we were able to maintain
that tenperature at the area where the cells were. You wll
see that it did fluctuate in other parts of the tube though.

[ Slide]

The RF signal was input during the exposure. W
measured both the input and reflective power using a power
nmeter or a chart recorder for the case of CDMA technol ogi es,
but we only recorded the resultant power. However, from our
measur enents we showed that the reflective power was | ess
t han one percent of the total input power.

The signals in each case were anplified using
Kal mus anplifier for the 837 MHz situation or Anplifier
Research anplifier for the PCS situation. 1In the case of
t he anal og and TDVA exposures, we al so had voi ce nodul ation
that was supplied by attaching a conpact disc to the voice

recorder or to the cellular tel ephone.
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[ Slide]

For the RF exposures produced in the anal og case
by a signal generator instead of 837 MHz and frequency
nodul ati on of 12.4 KHz, and that was voice nodul ated, as |
said. The TDMA was a cellular tel ephone supplied by
Mot orol a, as was the CDVA situation. Both of those were in
test node and in the TDVA it was voi ce nodul ated. The CDVA
coul d not be voice nodul ated because the test node used did
not allow us to do that. The last type of phone we used was
a PCS-GSMtype. That is a 217 Hz nodul ation, and again set
in test node. The frequency in this case was 1909.8 M1z.

[ Slide]

This is the same diagramthat C K showed earlier,
just show ng the SAR distribution throughout the tube.

[ Slide]

This is a histogram showi ng the SAR di stribution
curve voxel over the whole 10 mM. As you can see, there is
a fairly large variation around the nean for 1 Wi nput
power .

[ Slide]

This is a histogram showi ng Watts occurring in SAR
distribution in the bottomone-third of the 10 m sol ution
for the 837 MHz situation. Here we have a nuch nore uniform
set up.

[ Slide]
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This is the SAR distribution for the 1909.8 Mz
situation, again, 1 Winput power -- a lot of difference in
the two situations. However, in both cases we did have hot
spots that were in the mddle of the tube.

[ Slide]

SAR di stribution for the whole 10 ml sol ution.
A lot of variation over the 10 m, and again a much nore
uni formdistribution if we |ook at the bottomone-third m
which is where the cells were.

The other thing to note, these were both for 1 W
i nput power. If you look at the mean SAR, in this case it
was approximately 5 as opposed to about 0.4 for the 837.
This meant that we had to put a ot | ower input power to
achi eve the sane SAR for the PCS situation as opposed to the
837 situation.

[ Slide]

This is just for people's information. Most of
this information is in Dr. GQuy's paper that was published in
BEMS in 1999. For the blood situation, these are the
dielectric properties that were used by Dr. Guy to do the
XFDTD dosi netry eval uati ons.

[ Slide]

Again, this was presented earlier by Dr. Chou.
This is what we used for our input power settings and the

Lauda tenperature settings for the different SARs that were
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used. | should note that for the PCS situation 2.5 was
actually 2.9 and 1 was 1.6. So, those were different but
for sinplicity I just left it here. Again, to achieve 10
Wkg for PCS we had to use about one-tenth the input power
to achi eve the sane SAR

Another thing to note is that in the systemthe
two TEM cells were not identical, of course. They al
vari ed because of the ability of the fan to cool down of the
Lauda effects. So, the tenperature settings were actually
different for each one, and these tenperatures were set up
by Dr. Chou and John McDoogle, out at City of Hope, for us.

[ Slide]

Exposure, durations and SARs tested -- we did two
sets of studies, one at three hours. In this case, we
eval uated two different SARs per tinme. So, we had three
t hree- hour exposures. In the first the conbinations were 10
and 5 Wkg we did together, or we would do 2.5 and 1 Wkg
together. Then, the third exposure was al ways the control.
So, we did the positive control and sham exposed controls as
the | ast exposure period. So, we do all of these in one
day. So, the controls in this situation were done the sane
day but were not concurrent with the RF-exposed cells.

For the PCS situation, the conbinations were
actually 10, and 2.9 and 5 and 1.6 that we did together and,

again, the controls at the end.
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For the 24-hour situation, because we can only do
one SAR at a tine because we used the other TEMcell for the
positive and controls, so in this case the controls were
done concurrently with the RF-exposed cells. So, the SARs
that were used in this case for the 837 situation, anal og,
CDVA and TDVA were 1, 5 and 10, and for PCS we did 1 and 10
Wkg. Because we could only do one SAR, each experinment was
i ndependent .

[ Slide]

This is just a representative profile for our
t hr ee- hour exposure showing the tine tenperature effect.

The tenperature of the blood when we started -- when we
first got the therm stor probe into the TEM cell ranged from
25-32 degrees Celsius. It took a maxi mumof 20 m nutes from
when we started the exposure until the cells reached 36
degrees. So, it ranged fromabout 5 mnutes to 20 m nutes
before it reached the 36 degree point.

As | said, what we were shooting for was reaching
equi libration tenperature of about 37 but that did vary up
to about 0.5 degrees C. depending on the experinent. W had
four probes. The tubes that had the probes in them had
bl ood sanples in them W didn't use those for the
experinment but they did actually have bl ood sanples in them
So, in each tube we had two probes, one that we set in the

m ddl e where we had seen fromthe SAR distributions that
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there was a hot spot, and one probe would go in the bottom
So, for TEMcell A in this case being exposed to 10 Wkg,
you have about a 0.5 degree difference between what the
cells were receiving in the bottomand what was seen in the
mddle. At 5 Wkg we did not see that effect. In fact,
only at 10 Wkg did we really see that tenperature
di fference.

DR WLLIAVMS: The difference between A and B is
sinply positioning?

DR. HOOK: They are set up in series so there is a
TEM cel | and then what happens is that we had the input
power going into the first TEMcell and that is where we set
the input power. So, we set that one for 10, and we had

coaxi al cable between the first and second TEM cell which

attenuated the signal. So, we achieved the second power

| evel that way. So, that is howthey are set up. 1In this

case the A TEM cell is always the higher power over the B
[ Slide]

This is a representative tenperature profile for
24- hour exposure. | picked PCS so you could see the effect
at the mddle in this case, and sone of the fluctuation that
we did see over 24 hours. |In this case, over 24 hours we
di d have much greater fluctuation. A lot of the big
fluctuations you have here were actually related to the

cooling fans that we had for the entire room The room was
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seal ed and we had fans built in there but a ot of heat was
generated over tinme by the anplifier and all the other
el ectronics. So we had cooling fans, and when they woul d
kick in they would actually drop the roomtenperature down
and that did have an effect on the tenperature in the TEM
cells. But, again, we always had an equilibriumtenperature
of about 37 and we didn't really see nmuch nore than about
0.5 degree fluctuation even over a 24-hour period and,
certainly, we never got above or below the 1 degree Cel sius
that we had set as our goal

One thing to note here in the PCS situation, the
hot spot was actually about a degree hi gher than you would
find in the 837 situation. The other thing to note is that
this degree difference was nai ntai ned over the whol e 24-hour
period and we saw this every single tinme. So, either over 3
hours or 24 hours, this difference in the tenperature
between the m ddl e and the bottom was mnaintained. So, there
was no equilibriumreached over the whole tube. These hot
spots remai ned as hot spots. There did not seemto be
anything circulation of tenperature -- circulation in the
fluid which cause the uniformty of tenperature to devel op

MR. BASSEN. Is this in the center of the test
tube or at the edge?

DR HOOK: It was right on the edge. Actually,

because of the way the probes were set, they would usually
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flip over and actually al nost be touching the plastic of the
t ube.

MR. BASSEN: Did you neasure any gradient within
the tube? What is the air tenperature outside the test
t ube?

DR. HOOK: The closest | can get to that is to say
it is equal to what the Lauda tenperature was set at. So,

t hose were set sonewhere | ower than 36 degrees. | don't
know what the actual air tenperature is, but that would be
my cl osest approximation to what it was.

So | don't know what it is in different parts, but
| am assumi ng that we have hit the hot spot where it is
supposed to be, so if we noved it sonewhere in the m ddl e,
we m ght get one of the |ower spots in the SAR distribution.

But, again, we never saw any situation where the
tenperatures started to cone together. They were al ways
about 1 degree apart.

[ Slide.]

Just quickly as a sunmary, here. The input powers
that were used were 17, 8.5, 4.25 and 1.7 Wfor the 837
situation exposures, 1.6 and 0.16 for the 1909 MHz
exposures. The power input to the TEMcells varied
approxi mately plus-or-mnus 10 percent. W could see this
on the power neters. So we would see fluctuations, but they

were never greater than 10 percent of what we set it for.
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The equilibriumtenperature was 37 plus-or-m nus
0.5 degrees C across all experiences and the tenperature
vari ed about 0.3 degrees C around this equilibrium of about
0.3 degrees C for a 3-hour exposure and about 0.5 degrees
for a 24-hour exposure. So the variation | amtalking here
is between experinments or between tubes in different
experinment, so between TEMcell A or TEMcell B

That is the end of ny presentation.

DR. TICE: Thanks, G aham

[Slide.]

What we are going to next do is present the
bi ol ogi cal data that was generated fromthis exposure
system The parties that were involved in the biology
i ncl udes Maria Donner, G aham Hook, Marie Vazquez and Daphne
Bl ackbur n.

[Slide.]

The protocol was at the end of the exposure
period. This is the protocol for the m cronucl eus assay.
Cells were pelleted and resuspended in fresh nedi um
Phyt ohemaggl utinin or, PHA, was added to stinulate
| ymphocytes to proliferate. So one of the things to
remenber is we started with whole blood which is a
popul ati on of | eukocytes. About half of those |eukocytes
are | ynphocytes.
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When you expose themto a mtogen--in this case,
PHA- -you get a certain proportion of |ynphocytes stimulated
to divide. So they started off in GO and they hit their
first netaphase sonmewhere--starting around 30 hours, a snal
popul ati on can start com ng through.

We added cytochalasin B, which is actually a
t echni que devel oped by M chael Fenech. It was added at 44
hours postexposure or post the addition of PHA to induce
bi nucl eate cells. Cultures were termnated at 72 hours and
t hen processed for anal ysis.

[ Slide.]

Just to show you a quick picture. 1In this case,
what they are doing is treating cells. You are getting an
acentric fragnment during additional cell division. Wen you
| ook at a binucleate cell, which is up here, you can see a
smal | m cronucl eus being present. Those are the kinds of
objects that we are | ooking for.

[ Slide.]

M cronucl ei, as has been nentioned previously,
arise fromtw nechani sns. They have a very basic, very
di fferent dose-response curve. One is structural chronosone
damage giving rise to an acentric fragnent. Another one we
call nunerical chronpsomal danmage which gives rise to a
| aggi ng chronosone which then gets built into a

m cronucl eus, al so.

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

[Slide.]

We used two donors in this particular study.

Peri pheral bl ood was obtained with inforned consent from
heal t hy non-snoking nmale adults. A single donor was used
for each technology. The sanme donor was used for al

anal ogues, CDVMA and TDMVA experinents, and | was on travel
for the PCS so they took sonebody el se.

[ Slide.]

We had positive and negative controls. They were
run the sanme day for the three-hour experinents, as G aham
descri bed, and they were run concurrently for the 24-hour
experiment. Negative control was duplicate cultures w thout
an applied RF signal. Positive controls were in the sane
TEM cel |, consisted of EM5, again in duplicate cultures and
there were different doses depending on which assay it was
run at and the length of the exposure.

In all cases, the positive controls were positive
except for one, the first 24-hour study; the EMS dose was
too high and it was not scorable. But, in that particular
experinment, there was al so a positive increase in
m cronuclei due to the RF signal. So, therefore, that still
was an acceptabl e study.

| mght nention that all of these experinents were
done under good | aboratory practice.

[Slide.]
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The endpoints were cell viability. W have a dual
dye stain that nmeasures both the integrity of the cel
menbrane and whether or not the cell, itself, is
nmet abolically conpetent. W |ooked at DNA damage in bl ood
| eukocytes using the single-cell gel assay at the pH about

13.0. We |ooked at the frequency of m cronucl eated

bi nucl eate cells, |ynphocytes. | also want to note that a
single score was used in each study. 1In fact, for the
mcronuclei, it was the sanme study. Coded slides were used,

so there was blind scoring.

[ Slide.]

| want to nention this because it does bear a
little bit on interpretation of the data. W did two kinds
of assays with the | eukocyte which was a | ow nol ecul ar -
wei ght diffusion assay. That allows us to | ook for the
presence of necrosis of apoptosis.

And then we did the al kaline pH 13 assay, nostly
to detect single-strand in alkali-labile sites where we
measured nean tail length for mgrated DNA750 and tai
nonment. We also | ooked at tail nonment H, which is a neasure
of the variance divided by the nmean, or neasured di spersion,
to |l et us know whether there was a subpopul ation of cells
showi ng i ncreased DNA mgration in an otherw se nornma
popul ation of cells. So we actually had two ways of | ooking

at the data.
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In the mcronucl eus portion of the assay, we | ook
at the replicative index which is the relative frequency of
cells with one, two, three or four nuclei, to neasure the
rate of cell division. W also neasured a binucleate cel
i ndex which is the percentage of binucleate cells per
culture. It is nore of a stinulation index. And then we
| ooked at the frequency of m cronucl eated binucl eate
| ynphocyt es.

Again it says the nunber of cells that were
scored. W |ooked at 2,000 cells per each replicate
cul ture.

[ Slide.]

The statistical analysis for the toxicity data,
whi ch is based on individual culture responses, was a one-
tailed trend test and a one-tailed student's t-test where
there were multiple SARs tested, which was the 3-hour
exposures. \Wen the single SAR was used, it was a one-
tailed student's t-test.

For the m cronucl eus data, we used a one-tailed
binomal trend test and a one-tailed Fisher's Exact test to
| ook for increases at nmultiple doses within that particul ar
experinment or just a one-tailed Fisher's Exact test.

[Slide.]
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The toxicity results for the 3-hour exposures;
there was no consistent pattern of toxicity except for, with
TDVA, there was a significant dose-dependent decrease in the
replicative index in replicate experinments with a
significant depression 10 WKkg.

In the 24-hour exposure, there was, again, no
significant pattern of toxicity except for that the BCl was
reduced at 10 Wkg in replicate anal ogue experinments. So,
generally, overall, there was really no sign of great
depression in the rate of cell division or in what
proportion of cells were stinulated by PHA

[ Slide.]

This is the 3-hour data presented schematically.
You can see, up here, that analogue 1 is this dark |ine
right here. At this particular dose, there was a
significant elevation in the frequency of m cronucl eated
bi nucl eate cells at that dose only, even though there wasn't
a significant trend test.

We decided to replicate it. The next one is the
yellow line. You can see, in the yellowline, there was no
i ncrease what soever. W concluded that, for al
technol ogi es tested, there was no increase in the frequency
of m cronucl eated binucleate cells followng this particular
exposure protocol.

[Slide.]

L PR QR e

Washi ngt on, D.C. 20003
(202) 546-6666



at

This is the 24-hour data. | want to point out to
you the followng. This is at frequency of m cronucl eated
bi nucl eate cells, actually per 1000. The green represents
the control frequency. You can see it bounces around a
little bit, generally maybe between 0.2 and 0.5
m cronucl eated cells per 1000.

The 10 Wkg, or the red lines--you can see that it
goes, in this case, fromabout, say, 0.4 up to about 1.4.

I n nost of the cases, whether there was a significant
i ncrease, we are tal king about a frequency of 1 extra
m cronucl eated cell per thousand in the popul ation.

Al the red bars were significant statistically at
a p-value of less than 0.001. If you |ook at the 5 Wkg,
and this was the first experinent, every tine we got a
positive, we replicated it at 10 W So this is the 2nd,
first 2nd, first 2nd.

Wen we did the second experinment, we did themtwo
days running. | mght nention that, because these were 24-
hour exposures, and Grahamwas in charge of the exposures,
that meant he was |l ocked up in a little roomfor al nost
48 hours. | think he took a nap between one setup and the
next set before he did it. |If anything, that probably had
nore of an adverse health inpact than any of the other

exposures.
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In any case, we also tested 5 Wkg on the second
day running at the second experinent w th anal ogue and al so
t he second experinent with TDMA. You can see this is sort
of a dose response, but, in this case, the frequency was
pretty nmuch the sane. Both of those are significantly
different fromthe control.

Wen we tested it at 1 Wkg, which was t he CDVA
and the PCS, there was a small elevation, but it not
significant, not statistically significant. And that
probably about all we can say about it.

[ Slide.]

The conet results, just to point out what they
were, is that there was not a significant increase in DNA
damage neasured either as nean tail nonent or as
subpopul ations of cells with increased tail nonment under any
exposure condition or any technol ogy, or any SAR and no
toxicity.

[ Slide.]

The m cronuclei; for 3-hour exposure, there wasn't
a statistically significant increase in the frequency of
m cronucl eat ed bi nucl eate | ynphocytes, but, at 24-hours,
there was a significant increase that was reproducibl e
across technol ogies at an SAR of 10, and for two
technol ogi es, for an SAR of 5 WKkg.
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The magni tude of the response, which was generally
about fourfold or about a 1 mcronucl eus difference between
the control per 1000 cells was dependent upon the exposure
duration, positive at 24, negative at 3, and dependent upon
the SAR, positive at 5 and 10, negative at 1.

But it was i ndependent of technol ogy, independent
of the presence or absence of voice nodul ati on, and
i ndependent of the frequency of the SAR signal, 837 versus
1909.9 ME. Renenber, we had two donors and, at no tine,
did we test the donors at the sane tine. So it is kind of
hard to say anythi ng about donor-to-donor variability. But
across technol ogi es, the nagnitude of the response was about
the sane so not hing was appreciably obvious to us there.

[Slide.]

There are two questions that, of course, cone to
m nd about the mcronucleus. One if themis--well, let ne
go down here; what is the nmechanistic origin of the induced
m cronucl eus. You might note that there was a | ack of a
positive comet assay so that m ght suggest that the increase
wasn't due to DNA damage, but that is reaching a little bit.

I s m cronucl eus induction due to |ocalized
hypertherm a, tenperatures of 40 degrees Cel sius or above,
because we know that hypertherm a i nduces m cronucl ei.
Unfortunately, because of the way this study was desi gned,

there were ways of detecting the origin of mcronuclei. The
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nmost typical way, using an antibody, is to | ook at the
presence or absence of a ki netochore.

| f the mcronucl eus has a kinetochore, it is
consi dered, de facto, that that neans that the m cronucl eus
contains an intact chronosone associated with nunerica
chronosone danmage. |If it doesn't contain a kinetochore,
then it neans it is an acentric fragment and, therefore, it
refers to structure chronosone danage

To be able to | ook for the presence or absence of
a kinetochore, you have to fix the cells in a particular
way. The way we are doing it in these studies precluded
that particular kind of analysis. Basically, we destroyed
t he epitope by using three-to-one nethanol and
gl aci al acetyi c aci d.

The other way to do it is to go back and try and
size them W tal ked about doing that, but we thought that
was kind of in inferential way of determining the origin and
we t hought we would put out for trying to look at a nore
basi ¢ understandi ng using a kinetochore anti body. But that
was done within the tinme constraints that we have for the
st udi es.

[ Slide.]

If we tal k about future research, the kinds of
things that we cane up with--and this is conversations

between Graham and | and the staff at |LS. It al so invol ves
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ot her kinds of discussions with coll eagues and at other
ki nds of neetings that we have been to.

But, clearly, reproducibility is the hall mark of
response. We think that this should be | ooked at at ot her
| aboratories. For all we know, although we got a positive
response with every technol ogy, there m ght be sone
consi stent pattern that we are doing that gives us that
response that that is not meani ngful.

We don't think so, or we would like to not think
so, but, again, any good science project or any good assay,
the end result gets reproduced i ndependently in sone other
lab to show that it is not just |ab-specific.

We t hi nk sonebody shoul d extend the dose-response
relationship. W knowit is negative at 1.0, positive at
5.0. \Where is the breaking point for that? Extend the
exposure-duration rel ationship; we get negative response at
3.0, positive at 24. Wiy do we actually go to 24? It is
because we are trying to mmc the other in vitro studies we
are doing with chronosone aberrations where there is both a
short exposure, a limted short exposure, and a nore
ext ended exposure.

W were trying to mmc that particul ar study but,
as far as | can tell, we are the only ones that have ever
done a 24-hour exposure to RF signals.
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Eval uate the rol e between nodul ation and carrier
wave because there is both nodul ati on and carrier wave
involved in this. Determne the mechanistic basis of the
i nduction of mcronuclei |ooking for the presence of a
ki netochore. Because N. P. Singh and his conet studies of
rat brains has concluded that the damage there is due to the
presence of free radicals, maybe we can | ook for free
radicals in these studies. But, since the conet assay was
negative, that one is kind of an "iffy" thing to even bot her
| ooki ng for.

[ Slide.]

Determ ne the possible role of |ocalized
hypertherm a in these results because we are tal king about
the potential interaction with tenperature gradients. W
cane up with three possibilities, some of which have already
been nentioned; evaluate the relationship between culture
tenperature and the induction of mcronucleated cells in the
absence of an RF signal by controlling the tenperature at
which the cells are maintained for 24 hours by using an
| ower average culture tenperature.

One of the studies, though, that got an increase
in mcronucl ei exposing blood used a tenperature of about 22
to 25 degrees. | guess they were anbient tenperatures. And
they still saw an increase. But they nmay not have

controlled for localized heat effects.
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O course Joe has been tal king about al so, today,
and will present in his talk about the ability to | ook at
heat - shock proteins on a cell-by-cell |evel and that m ght
give us the nost information about heat effects within it.
O course, once you put all this data together, clearly
sonebody has to sit down and tal k about the biol ogical
rel evance of these findings to human health.

Qur job was to | ook at hazard assessnent, not to
| ook at risk, and that is what we did. That's it.

DR. ONEN. Thank you.

| would Iike to go on right nowto the
presentation by Drs. Roti Roti and Moros and, as we did this
nor ni ng, then take discussion as a whole after those initial
overviews are conplete.

Presentation of Results

DR. MORCS: Good afternoon.

[ Slide.]

This is an old slide, but the purpose is to rem nd
you that this work requires a team The nenbers of that
team | amglad to say, are Dr. Pickard, from Washi ngton
Uni versity, who has nore years of experience in this field
than I have of age, and Dr. WIIliam Straube who i s working
inm lab for the last fifteen years and to recogni ze that
this was awarded by the agreenent between Mdtorola and

Washi ngton University.
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[Slide.]

The aimat the research and devel oprment of the
irradi ator at Washi ngton University had the foll ow ng
objective and constraints. The fields had to be typical
cel lul ar phones so all the devel opnents were done with that
in mnd. W were not |ooking at any other type of exposure
conditions but that of cellular phones.

We needed very large irradiated areas; in other
words, a very large nunber of cells. That was one of the
key conponents of the design paraneters or criteria. W
needed reproduci bl e SARs, of course. W needed a well -
characteri zed exposure. W needed | ow exposure to working
personnel in and around the |lab and for those working
directly with the irradi ators.

One of the things that we bunped into that was
very inportant was the interference with [ ocal cellular
tel ephony. It turns out, as you may well know, that these
phones are extrenely sensitive and they work at very | ow
powers already. So our |eakage had to be well bel ow the
noi se floor which, | believe, is, if | remenber correctly,
120 DBMs. It had to be in a tenperature-controlled
environment for the cells that were inside the irradiators,
and also the irradiators had to be inside a controlled
environnent, nmaybe in a very simlar way as expl ai ned by

C. K. Chou.
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All of these have to fit in our avail abl e space.
We had one roomthat nmeasured 8 by 8 by 8, and we had to
put all of these things in there. O course, you want
sonething that is easy to use by people that are not
engi neers but are biology technicians, or biologists and
even principal investigators.

[ Slide.]

So the prelimnary design | ooked pretty nuch as
the final design after it was tested and |let ne introduce to
you the radiotransmssion line. So, what is it? Here we
have a side cut-out view of the RTL show ng the major
conponents. W have a conical antenna at the center. Then
we have a fan for cooling, and we have a thernocouple for
measuri ng tenperatures.

The fl asks; you can see where they are positioned
around the conical antenna. Then we have a m crowave
absorber that absorbs all the energy that is not absorbed by
the flask which is probably nost of it.

So the wave is |launched fromthe antenna in
vertical polarization. The s-vector goes in the direction,
of course. And then you have the nmagnetic-field vector
going into the plane of the screen, here. Al three
conponents contribute to the SAR

The bottomis a quarter-inch alum num pl ate which

serves not only as a nechani cal support but also as a very
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effective thermal honogenizer. The top plate was conposite.
It was sonme sort of polyurethane material with two thin
sheets of al um num of both sides. That nade it very I|ight
wei ght, very easy to |ift up by any person. The bottom

pl ate was about 50 pounds, so that would have been very
heavy to lift.

The phone is termnated in a perforated al um num
So, obviously, the fan for cooling--not the cells,
necessarily, but the fan is actually for cooling the phone
because the phone absorbs nost of the m crowave energy. It
is not shown in this slide, but there are also strip heaters
that may conme on or off to raise the tenperature of the
cells and keep them at 37.

The reason for the heaters is because it is a
large room There is air blowng all over the place, as you
can see, so you keep the roomtenperature about 2 degrees
bel ow 37 and then the conbi nati on of heat deposited in the
foam plus the heat deposited in the alum num brings up the
tenperature to 37. W were able to achieve a tenperature,
at steady state, between 37 plus-or-mnus 0.3 degrees.

Al so, you have to bear in mnd that for the sham
RTLs, there is no energy deposited in the foam because there
IS no mcrowave. So you needed those strip heaters to bring
up the tenperature of the cells.

[Slide.]
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Here is one of the RTLs. W have ten RTLs. W
have built, | think, fourteen of themso far. You can see
the antenna in the center. You can see where the flask--
these are T-75 flasks. The foam you can see sone of the
very cosnetic-type | eakage control here. The roomis also
sealed with copper tape and stuff like that to mnim ze
| eakage outside the room

[ Slide.]

This is | ooking underneath you. You can see that,
for a fairly sinple system things get conplicated very
fast. You have the wires that run the fans. You have the
RF and cabl e | anes. You have the thernocouple wres.

You may see that these RTLs are nounted in a
drawer system so they can actually be pulled and then the
top plates lift up |like a car hood. You can see that sone
of them are not connected to any RF because they are sham

[ Slide.]

Here is a close |ook at the design of antenna. |
don't want to spend too nmuch time into it, but there is
sonmething to say about this design; it is not optimzed. W
did several trial-and-error, and then, once we found
sonet hi ng that worked, we stopped | ooki ng.

We do want to, then, have the opportunity in the

future to optim ze the antenna and the entire RTL, at |east
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nunmerically first and then do sone testing in the
| abor at ory.

[ Slide.]

This is a closeup of how it |ooks, the antenna in
the RTL. You can see here the flask. Qur flask contained
40 M of nmedia. There is a reason for that. Mst of the
bi ol ogi sts, at first, wanted to use 15 m's, but we were not
getting enough SARs, either for exposure or for SAR
measurenent. So, after a series of both el ectromagnetic and
nuneri cal anal yses, we decided to use 40 ms as a tradeoff
that would allow us to get relevant SARs and al so woul d
all ow us to neasure SARs using thernonetric and
t her nogr aphi ¢ t echni ques.

[Slide.]

This is a | ook outside the warmroomthat is
behind this wall here. You can see the anplifiers. There
is a conputer systemthat keeps close attention to the
anplifiers output and to the signal generators and, also, to
t he tenperature.

[Slide.]

This is the screen, |ooking at the tenperatures
fromall the RTLs. There are two tenperature sensors for
the RTLs. These sensors were calibrated so that they
reflect the tenperature inside the mediumin the flasks. |If

we have one tenperature that goes off the 37 plus-or-m nus
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0.5, they turn red so you can see them It will tell you
whet her the systemis okay or sonething is going wong. You
can turn the signal by just clicking on the nouse, on these
buttons.

By clicking on these buttons, you can actually see
the last 24 hours of data, of tenperature data, for the
RTLs. It gives you gl obal max, an average, a gl obal
standard deviation. This was not just for the engineers and
physici sts working as a way of collecting the data but al so
it works very nice for the biological stuff. They |earn how
to use this very quickly.

This systemreads the tenperatures every 30
seconds and checked for tenperature highs or |ows every 30
seconds, but only recorded it on the hard di sk every 10
m nut es.

[Slide.]

This is a look at the |last 24 hours of data in
RTLs 1 through 5. This only shows 1 degree in the vertical
axi s and each one of these lines is 1 hour. So you can see
that, by just clicking on it, you can get a feeling for
whet her you had a | ow tenperature in the |ast 24 hours, or
too high of a tenperature in the |ast 24 hours.

The reason there is a nunber 5 in between 34 and
35 is because it is not neasuring RTL. It is nmeasuring the

roomair t enmper at ure.
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[Slide.]

Al so, there was a protocol worked out not to avoid
excess | eakage into the environment. Renenber, we were
using real signals. They were nodulated. W didn't want to
interfere with | ocal comruni cation even though we did have a
channel that was granted to us by Southwestern Bell. The
CDMA si gnal spreads over a great nunmber of channels, so we
have to be careful

Everyone who wanted to get inside the roomhad to
go through protocol filling out all the things that they did
and all of the power |evels--we have to turn the things back
on. So this was part of our G.P efforts.

[ Slide.]

VWhat you see here is the return loss for a series
of RTLs over the frequency spectrum of cellular phones. The
nmessage here is that all of themwere better than -6 Db
return | oss which neans they were fairly efficient in
converting nost of the electrical energy into wave.

[Slide.]

This shows a typical distribution of the RF field
strength around the 16 positions of the 16 flasks. Again,
it shows that you get, angularly, a very uniform
di stribution of energy.

[Slide.]
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Qur first initial set of SAR nmeasurenments were
done with fiberoptic probes. W |earned very quickly that
we had trouble, that we needed to i nprove our efforts.
These are our neasurenents using that kind of probe at 836
and 2450, SAR | evels at several positions on the bottom of
t he fl ask.

The average SAR for those four probes was 0.025
for, I think it was assum ng 100 watts--per watt of net
i nput power. This is not the power the anplifier reached
but the actual power that has gone into the RTL

[Slide.]

Al'l of these results were published in this paper
that described the RTL. If anyone wants a copy of the
paper, | will be glad to take your E-mails or addresses and
| will E-mail themor mail themto you, whatever you want.

The nessage fromthis paper was that we had 16
plus-or-mnus 2.5 nWk per watt fromnet watt input power.
That was at 836 MHz.

[Slide.]

As | said, we learned very quickly that we had
probl enms neasuring SAR use in thernmonetric techniques. This
is a sinulation to show you, to explain to you, what the
problemis. This is the height within the nmedium So we
have 5 nmm of nedi um height. Just assune that this is at the

center of one of the fl asks.
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The true SAR, which, in this case, is the SAR
cal cul ated by a one-di nensi onal seven-|ayer nodel,
el ectromagnetic nodel, is this. So assume that this is the
true SAR. |If you nmeasure the SAR thernonetrically, and it
is very accurate, then it should fall very close on top of
this SAR which is the nunerical val ue.

So this nunerical SAR distribution was an i nput
into a thermal nodel. Then we neasure--so-called nmeasure--
SAR, really calculate SAR, using the equation that was
i ntroduced at the begi nning by Howard Bassen.

What happens is that--this is at 5 seconds,

10 seconds, 15 seconds, 20 seconds. Even at 5 seconds, you
can see that you are already nmeasuring an SAR that is higher
at |l ow SAR areas and | ower at high SAR areas. Anot her
inmportant thing to look at fromthis figure is that we had a
very large SAR gradient within the nedi um

[ Slide.]

This is just to illustrate. These are for
measurenent. These are not nunerical sinulations. The top
SAR and the bottom SAR, you can see that it is about a five-
to six-fold higher SAR at the top than at the bottom This
is problematic. When, then, you are going to nmeasure SAR
using thernonetric techniques, we could not use an E-field
probe in this situation because half the E-field probe is
out si de the nmedi um

M LLER REPORTI NG COVPANY, | NC
735 8 Street, S E

Washi ngt on, D.C. 20003
(202) 546-6666



at

So we are really limted to either nunerica
simulations to nmeasure SAR or to using thernmonetric
techniques. This large gradient fromtop to bottom
confounds the neasurenent of SAR and you get what we cal

very high thernmal -conduction errors.

[Slide.]
| think I will skip over this one.
[ Slide.]

Anyway, we | earned that we have to neasure
tenperatures at least in 5 seconds and we devel oped a
tenperature differential probe. W were able, then, using
t hat techni que, which has been published already, to neasure
mllicalorie change in tenperature over very short tines.
Usi ng that techni que, anp-probe, we did very detail ed SAR
measurenents over the bottomof the flask at 136 and al so at
2450.

| don't really want to take a lot of tine to go
over these nunbers unl ess sonebody in particular is
interested. This data has al so been publi shed.

[Slide.]

You can see here--this is testing symetric
position to see that we have symetry within the flask.

[Slide.]

| f we establish symmetry, we only need to map hal f

of the flask. This shows those neasurenents. O her things
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that we did are, and this is inportant, that--renmenber what
| said at the beginning that the system was designed for
cel lul ar-phone levels of irradiation. So we are talking
around 1 Wkg.

Then, as we were doi ng our experinments, the need
or the desire for higher SAR was expressed to us, and, as
engi neers, we were charged with looking into this problem
How do we increase the SAR using the RTLs. W have
limtations because the absorber foam if it gets to hot, it
may transfer too much energy into the flask and tenperature
control becones a probl em

So one of the thing we did was to | ook into
di el ectric shinmng which is equivalent to raising the cel
| ayer of the bottom plate, which we know, from past studies,
by us and by others, that that will raise the cell-I|ayer
SAR. So, instead of actually lifting the flask, we put a
shimof dielectric material to raise it electronmagnetically.

[ Slide.]

Here, we will show you the ratios of the SARs
measured with a dielectric shimmng of alum na versus air
shi nm ng, which was just a piece of styrofoam You can see
that we can gain between two- and el evenfold increase in SAR
with the sanme power input. So we are increasing drastically
the efficiency of the systemw th the sanme power i nput.
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The concl usion of this study was that there was
about a 4.3-fold gain in SAR by using dielectric shimmng.
That is what | will show you next.

[Slide.]

This slice conpares the SAR at the cellul ar-phone
frequency that we have been using and 915, which is an | SM
frequency you may know. This is an industry frequency.
Anyone can use this frequency. It is open to the public.

As you can see, the SAR are very cl ose.

The nmessage here is that, if you don't want to go
t hrough the very hi gh expense of | eakage-proofing your
irradi ati on equi pnment, you may want to consider using 915,
whi ch is an open frequency.

[Slide.]

| amgetting to the end of ny talk here. These
are simulations using the FDTD nmethod. These are SAR
distributions on the cell layer for a 100 Wnet input into
the RTL at 836 Miz. This is when there is no shim This is
the original configuration where the flask is positioned
directly on top of the alum num plate. W get an SAR aver age
of 0.6 plus-or-mnus 0.4 WKkg.

If we take that sanme setup, we just include a 3 nm
foam We basically raise the flask in the air. W get a
smal |l increase in the average SAR as you see here. But

| ook at this. Wwen we actually put the alumna, which is
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the dielectric material, we went fromO0.6 or 0.9, whichever
you want to look at, to 3.2. So that is very nice.

And the SAR, | may say, | think | ooks better in
this case, at least the high SARs in the center, not at the
edge, like in this case.

MR. BASSEN. |Is that the top view?

DR. MORCS: No; that is the bottomcell |ayer.
That is the bottom voxel

MR. BASSEN: That is |ooking at the surface of the
cell, the broad surface of the cell culture dish?

DR. MORCS: This is a numerical simulation. The
val ue of the media and the flasks and the antenna and the
RTL is all discretized. This is the distribution of the
voxels that are on contact with the plastic bottomof the
flask. So the voxels are nuch larger than a cell, than a
bi ol ogi cal cell

MR. BASSEN. | amjust saying, what are we | ooking
at? Wi ch way--

DR. ONEN:. The culture surface. It is like a
pi cture of the culture surface.

DR ROTl ROTI: That is the surface where the
cells are. W are just saying the voxels are bigger than
t hat .

MR. BASSEN. | amjust wondering what you are
vi ew ng, what perspective; side, top, of the culture dish?
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DR. MOROCS: For your orientation, the wave wl |l
come in fromleft toright, and the electric field is going
into the plane of the screen.

MR. BASSEN: Wiich way is the fl ask--

DR. MORCS: This is the bottomof the flask. This
represents the bottom of the fl ask.

MR. BASSEN. Ckay.

DR MORCS: |Is that clear, now?

MR. BASSEN: Yes.

DR. MORCS: (Ckay.

[Slide.]

W have done simlar sinulations at other
frequenci es. These are 2450. You can see the difference
bet ween--we have basically the sanme result that was shown
before. Wen you go to higher frequencies, you find out
that you don't need as nuch power to get the sanme SAR

W al so wanted to see whether you gain by using
al um num shins. You can see we go from16 to 25. So we
still gain but we don't know, at this point, whether the
gain is worth it because the SAR seens to get--it is already
nonuni formand it seens to get even nore nonuniform at these
hi gh frequenci es.

We did the sinmulation over the spectrumfrom 500
to 3000 Miz. This is the ratio SAR This is the SARw th

the dielectric |oading divided by the average SAR w t hout
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dielectric loading, just raising the flask 3 mmoff the
plate. It shows that the maxi mumgain is about 15-fold and
it is, of course, around 1100 MHz.

But it also shows that, at all frequency, we get
sonme val ue about 2 at the high frequencies. So even
100 percent increase in SAR is possible. One of the things
that we would like to do in the future, as a physici st
working in this field, is to optimze the RTLs and the shim
the shimw dth and the shimmaterial .

As | said, the final solution; we stopped | ooking
because of our constraints. But there is the possibility
that there are other materials out there that may not only
gi ve us higher SAR for the same input power but al so nore
uni f orm SAR.

[Slide.]

So, in conclusion, alumna shimmng increases SAR
at the cell layer by a factor of between 1.3 and 15, as |
just showed you. This factor depends on the frequency of
the signal. Around 850 MHz, we have a factor of 6; at
1600 MHz, a factor of about 3; and, at 1450; no, 2450--1'm
sorry; there is an error here--it is about 1.5.

Shinming is a very cost-effective way to increase
SAR. It is very, very cheap. |In conparison with trying to
develop a better irradiator, it is orders of nagnitude

cheaper.
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[Slide.]

As the frequency of the input signal increases,
the SAR distribution becomes nore and nore uniform | think
this was shown also by the slides that C K and the previous
group showed. It is just a matter of the wavel ength being
shorter. The increase in nonuniformty can be attributed to
increases in the scattering reflection and standard wave
patterns.

| amnot going to talk about this. | don't know
if Joe is going to touch on this, but we are one of the
groups that argued about the biological inmpact of nonuniform
SAR can be assessed theoretically using the voxel theorem
which is a voxel that had been postulated by Dr. Pickard
and, | believe, the paper is in press right now But he had
presented it at neetings.

[ Slide.]

Accurate thermal estimation on nonuniform SAR in a
smal | volunme is difficult due to heat-conduction errors. It
may be possible to estimte the heat conduction contribution
to the SAR using nodeling. At present, | feel that we nust
rely on FDTD nodeling for a nore conplete dosinetric
pi cture.

[Slide.]

The concl usions are basically that we achi eved the

design requirenents that | showed you right at the
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beginning. W have a large-area irradiation facility. W
have 19 RTLs. Each one of them can have 16 T-75 fl asks.
Currently--1 don't know currently, but we have three FMCOW§,
three CDMAs and three controls.

We have used other signals. W are using 2450.
beli eve we have done two. And other signals. So, | wll
gi ve you an inpression that we can change the signal and
recalibrate the system But recalibration is needed and
inportant after every SAR or signal change.

I ndi vidual chill irradiators house--chill the
room W have no interference reported ever since we
started and we have no conplaints fromthe FTC ever since we
started. Control and nonitor the thermal environment; we
are better than 37 plus-or-mnus 0. 3.

We get adequate SAR levels at the cellul ar-phone
frequency range. And robust, easy and relatively fast, easy
to use equi pnent by non-engi neering personnel. Flask
repl acenent tine takes approximtely three mnutes; for al
RTLs, approximately 30 mnutes. So it is sonmething that is
very practical

| believe that is ny last slide.

DR ROTI ROTI: Just to continue this, now, | wll
tal k about - -

[Slide.]

L PR QR e

Washi ngt on, D.C. 20003
(202) 546-6666



at

| will nostly talk about the m cronucl eus work and
| will touch on a few other studies that relate to the
m cronucl eus study. W don't need to repeat the signals.

[Slide.]

The only reason for showing this is we did run the
shans concurrently with the two exposed sanples so, in al
of our studies, shans and signals were run concurrently.

[ Slide.]

We tal ked about the tenperature profiles. This
shows the thernonetry, our engineering approach to measuring
tenperature. We have been working on a biol ogical approach

to measuring tenperature and I would like to discuss that

first.

[Slide.]

W tried to use the heat-shock response as a way
to--well, actually, it started out as a two-fold project and

it becane a single project toward the end. The first goal
was to see if the RF irradiation induced a heat shock or a
stress response. Since we found it appears not to reduce
the stress response, we are going to attenpt to use the
stress response as an internal thernoneter.

This is what the data--this is the approach. This
is how the HSP70 gene gets turned on. The HSF is nononer in
the cytoplasm That is the heat-shock factor which

initiates the transcription of the gene. As it is unfolded,
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it trimerizes and binds to the DNA. This is the active
form

[ Slide.]

What we assayed for is the activation of the heat-
shock factor. If you nake a cellular extract and you have an
active transcription factor, it will bind with a probe that
contains the heat-shock elenent. So, then, the heat-shock
el enent will be bound to the probe. [If it is bound, it wll
mgrate differently in the gel

This is the unbound probe here. The bound probe

will mgrate slowy. This is called a gel-shift assay.
[Slide.]
It looks like this inreal [ife. This is a
control. These are cells that have not been heated. His

cells that have been heated for fifteen mnutes at 38
degrees. That is a 1-degree tenperature shift. These
nunbers here are a dilution, so this nmeans only 5 percent of
the cells or 5 percent of the extract is fromheated cells.

So we can see that we can see a popul ation that
has been heated--if we had a popul ation of cells that was
heated to a degree above normal for fifteen mnutes and only
5 percent of the cells were in that hot spot, we would pick
up the activation of the heat-shock factor.

Did | nake that clear? Hopefully, | did.

[Slide.]
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So then we | ooked at the 5 Wkg experinent. |
only brought those. Those are actually Dr. Laslow s worKk.
He has done this with the ow SARs, but this is all--for the
FMsignal, it is 5.1 Wkg and for the CDVA signal, it is
4.8 Wkg. This is five mnutes and fifteen mnutes. Here
is the positive control. No activation of the heat-shock
response.

[Slide.]

Here is 30 m nutes, 60 m nutes and 24 hours.
Agai n, no activation of the heat-shock. This little bit of
bl ackness here is a |loading artifact. You can see this for
t he non-active binding right there.

So | think we can use the heat-shock-factor
activation as a way to |look for hot spots in any culture
that may be showi ng an RF effect that m ght be considered a
possi ble thermal artifact when we start getting up to these
hi gh SARs.

[Slide.]

We don't really need to show this Dr. Nucl eus
picture. Just this one looks like a little devil, so | put
it in.

[Slide.]

Qur experinental plan was to use nouse enbryonic
fibroblasts. That is because we wanted to keep this in the

context of our other studies, which | will sunmarize toward
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the end. But, because we used the C3H 10T1/2 systemfor in
vitro neoplastic transformation, we decided to collect as
much RF data on this cell Iine as we could throughout our
st udi es.

These were either exponentially growing on in
pl at eau phase. W used the CDMA signal and the FM signal.
We exposed for 3, 8, 16 or 24 hours and our positive control
isalittle bit different fromwhat Ray and G aham used. W
used the ganma rays.

[Slide.]

We used the sane type of cytochal asi n-B bl ocked
cells. W scored 1000 bi nucleated cells. W scored the
data both as m cronucl eus per 100 binucleated cells and the
nunmber of m cronuclei per binucleated cell. So we scored
t hat bot h ways.

[Slide.]

This is our optim zation of the cytochal asin-B
treatment. We found that for the C3H 10T1/2 cell system-
actually it is KimBischt, whose nane was on the first
slide. Anyway, he found that 22 hours was the appropriate
bl ock tinme and we ended up using 2 mcrogranms per m, or
22 hours.

[Slide.]

This is the irradi ati on dose response curve. For

exponentially growing cells, it is the top cell. Pl ateau-
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phase cells is the bottom panel. W have approximtely 0.3
Gy as the significant difference for exponentially grown
cells and 0.6 Gy for plateau-phase cells. These differences
are the student's t-test.

[Slide.]

This is the experinmental protocol for
exponentially growing cells. These are the exposure tines
in the RTL. They were taken out and put in cytochalasin B
for 22 hours and harvest ed.

The pl at eau- phase cells were subcultured after
trypsinization to let themgo through the cell cycle and we
kept themin the incubator for 18 hours prior to the 22-hour
cytochal asi n-B bl ock.

[Slide.]

This is what the data | ooks |ike. W have a sham
3 Wfor the COVA and FDMA. This is at 3 hours and 8 hours.
Here is 4.8 and 5.1 W

[Slide.]

We saw what | ooked |ike a depression in this set
of data, so we repeated it. It was not significant and the
significance of the student's t-test disappeared with
further repeats.

[Slide.]

Again, with exponentially growi ng cells exposed

for 16 hours and 24 hours to 3 and approximately 5 Wkg,
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there is not statistically significant difference in any of
these. | should have pointed out, these have a slightly

hi gher background m cronucl eus frequency than do the

| ymphocytes. That is true for the |ynphocyte studies we
have done.

[Slide.]

This is during plateau phase, a 3-hour exposure
and an 8- hour exposure and there were no significant
differences in either signal.

[Slide.]

If we |ook at 16 hours, again, there were no
di fferences but at 24 hours we found the CDMVA signal showed
a significant difference--this is the m cronucl eus per 100
bi nucl eated cells and percent of binucleated cells with
m cronucl ei were both el evated and both statistically
significantly different fromthe sham

This shows the first three repeats.

[Slide.]

This shows the additional six repeats and it
stayed significant in both paraneters. However, | would
point out, that this is an extrenely snmall absol ute increase
in percent binucleated cells. It is very small and it is
kind of surprising that it got to be significant.

[Slide.]
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This is the FMsignal. W repeated it again, and
we still didn't get a significant difference statistically.
But there is a | arger val ue.

[Slide.]

So, our conclusions for the mcronucl eus study are
that there is no significant increase in m cronucl ei
detected for exposure of cells, exponentially grow ng cells,
in any of the conditions, and also, for the first 16 hours
i n pl ateau-phase cells. However, at 24 hours, there was not
a difference at 3 Wkg, which is consistent with the
previous results that were presented in the previous talks.
However, at 24 hours, there was a--well, this is not
statistically significant for the FM but the CDVA signa
was significant.

[Slide.]

| think that if we did this study all by itself,
we mght say, "Well, there is no RF effect.” But being
aware of the WIR data and know ng what we know about the SAR
val ues that we have and the SAR val ues that that team has,

t hey have been able to go up to 10 Wkg. W have pushed our
systemto get to 5 W W my still have a lot of our cells
at a slightly |lower SAR, so we may have gotten significant
if we had optimzed the RTLs. So it is sonething | think we
need to look into in the future.

[Slide.]
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This is with the higher SAR values. This is the
conmet nmonent and conet |ength for plateau-phase cells. This
is the irradiati on/ dose-response curve. | apologize for it
being broken. It is a long story why that happened in terns
of the graphic design, but there is no detectable conet
nmoment and comet length in either exponentially grow ng
cells or plateau-phase C3H 10T1/2 cells at these higher
SARs.

Those of you who mght be famliar with our
earlier papers, the earlier paper was all done at 0.6 WKkg.
So this is nowat 3 Wkg and 5 Wkg.

[Slide.]

This shows that, with or without PK in the conet
assay didn't nmake any difference.

[Slide.]

Now, we are a little bit ahead of schedule so | am
going to sumarize for this group our conpleted projects
t hat have been ongoi ng over the |ast three years.

[Slide.]

W have | ooked at the growmh of the 9L-rat brain
tunor in situ, and there are no differences in terns of
ti me-to-death, tunor incidence per nunber of cells injected
and brain waive at the tine of death. This is nmeasured with

both of these two signals unless otherw se specified.
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This is a 2450 study. W have | ooked at DNA
damage in the rat brain cells by the conet assay and
| sabel | e Lagroye did this particular study when she was with
us to actually conpare side-by-side the Aive conet nethod
with the Singh-Ray Tice conet nethod.

W did each with and wi thout PK and we found no
effects in any of these things for DNA damage.

[Slide.]

These are our cell-proliferation studies. W
| ooked at thym dine, uridine and am no-acid incorporation.
We | ooked at cell-cycle progression through s-phase, through
s-phase and g2 phases--these are all done with BUDR pul se-
chase assays--progression out g2 phase, progression out of
gl phase, progression of gl cells into and through s. There
are no differences found in any of those.

[Slide.]

The reason we designed the RTLs the way we did is
so we could do this study which is neoplastic
transformati on. W picked a seven-day exposure for the
first part. It turns out | have one in ny brief case, but I
don't want to stop talking. W also did 4.5 Gy foll owed by
a 42-day exposure.

So, actually, if you have been keeping track, the
exposure ranges that we have studied in this have ranged

fromfive mnutes to 42 days. That is another strength,
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think, of the RTL systemis that you can do |long-term
exposures. In fact, nost studies, you will see, are 1 to
4 days, for nost of our things.

The heat-shock transcription-factor activation; we
have tal ked about that. These are cytoskel etal and nucl ear -
matri x protein conposition. This was only done at 0.6 W
We probably ought to revisit this in ternms of |ooking at
m cronucl eus effects because, if you are altering sonething
to do with chromatin and not damagi ng DNA, perhaps, you are
altering the way that proteins associated with DNA are
interacting with it.

[ Slide.]

These are all the DNA-damage studi es we have done.
Those of you who are on your toes wll notice these bottom
ones right there. That is a repeat of the Phillips
exam nation with no differences detected. W also | ooked at
apoptosis in those studies and found no difference in
apopt osi s.

[Slide.]

The m cronucl eus experinent | just showed you, we
found only the CDVA as a significant difference. W did
this study with Vijay and we found no differences. It also
shows chronosone aberrati ons.

[Slide.]
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These are some oncogene, protooncogene, expression
studies. | should nention that the c-Fos is the first
oncogene turned on foll owed by c-Jun and c-Mc. c¢-Jun and
c-Fos conbined to be AP1. And these are other
transcription-factor bindings. So this is a pretty
conplicated study but they are all sort of interrelated.

The interesting thing, as you go through this, is
you find positive differences in all of the c-Fox
measurenents but not in the subsequent c-Jun and c- Mc or
transcription-factor activation.

[ Slide.]

So we may have a situation, and this is the rest
of the studies. These are the original observations with
RT- PCR whi ch have been published. The studies with the
Northern blots are followup studies to see if the effect
was reproducible and it is by another nethod. But the
interesting thing about this is that, although the c-Fos
| evel s were perturbed, the subsequent genes did not appear
to be affected. So we nay not have an effect on the total
response, but maybe one of the gene levels is affected.

What that means is an interesting question.

[ Slide.]

This just shows you sone of the foll ow up data
that confirnms the original observation

[Slide.]
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This again is | ooking--now, the interesting thing-
-1 should back up and point out that in exponentially
growing cells, there was no RF effect on c-Fos levels. It
is only when the cells were in plateau or went from
exponenti al phase into plateau phase that these differences
were seen. | should point out, these are all four-day
exposur es.

[ Slide.]

The | ast experinent; people have nentioned free
radicals in at least two talks, so we specifically designed
an experiment to look to see if fields interact with free
radicals. W decided to do this by using a stinmulated
macr ophage systemin which the cells are stinulated to
produce oxi dated stress by interferon ganma and
| i popol ysacchari de.

These are the results. You will see we got sone
positive differences. | didn't bring the entire study with
me to look at that, but | would just Iike to point out that
t he prooxi dant |evels in measurabl e oxidative damage,
al though this is not a conplete neasure of that, didn't show
statistically significant differences and nost of the
anti oxi dant systemdid not show significant differences.

But manganese superoxi de di smutase activity did show a
significant difference and it was reflected by a | oss of
viability.
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[Slide.]

This is the way the experinment went. W
stinul ated the macrophages--this is actually done by Doug
Spitz, and | should have nentioned the protooncogene studies
wer e done by Prabat Goswam .

This is interferon ganma stinulated with L-
argi nine which allows the cells to prinme the nitric-oxide
synt hase which nmeans they will make nitric oxide when the
LPS i s added.

This is adding L-Nio which is an inhibitory
anal ogue of L-arginine. These cells will not make nitric
oxi de. So when you stinulate them you don't get as much
nitric oxide produced. Then they are put into the fields.

[Slide.]

| brought a sanple of the data. This shows the
measured nitrate production which shows that the nitrite is
produced. This is the product of it being detoxified and is
reduced in the case of the inhibitors.

This is | ooking at total prooxidants. Again, the
fields did not produce any differences in the prooxidant
| evel s.

[Slide.]

If we |ook at this panel first, you can see the
MSOD is lower. Again, this is a noisy experinment so we can

di scuss that, if you wish. This is the trypan-blue positive
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cells showing that--actually, it is 1 mnus that, but it
doesn't matter. It shows a loss of viability coupled with
the reduction in antioxidant enzynme availability.

[Slide.]

So what does the gl obal neta-analysis of our study
show us? Qut of 250 paraneters, 13, which is awfully cl ose
to 5 percent, showed significant differences from sham
Notice, | have avoided calling these things "effects.” | am
calling themsignificant differences from sham

Ckay; 5 percent. |If we are |ooking at 95, npbst of
the Gaussian statistics test for 5 percent differences.

Well, you woul d expect 5 percent of these nunbers to be
different, so that is an interesting coincidence. However,
there are a couple of issues.

These differences are not independent and random
and they were all reproduced in subsequent experinents.

El even of those changes were in c-Fos. Two were in changes
in MhSOCD. And then the one was in mcronuclei.

[Slide.]

So we found, in our global studies, no direct
evi dence for a carcinogenic effect. The reproducible
differences were in C-fos expression, induced MhSOD activity
in a stinulated macrophage system-so we woul d be specific
about that--and in mcronucl eus induction in the plateau-

phase cells.
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[Slide.]

| believe that to show these reproduci bl e
differences are, in fact, robust effects of RF exposure, we
need an SAR dose response. That is why it is so inportant.
We can easily do the first dose--oh, by the way, those |ast
two positive differences were detected at 0.6 Wkg. |
believe we can easily do 2.4 Wkg and reproduce these
studies. W would like to get the opportunity to do them at
2.4 and 5.0.

Also, | think if there is a dose response, we
shoul d extend this to other biological systenms and we shoul d
have a suggestion of a bi ophysical mechanismfor these
before we can actually make a concl usion that those are
truly effects, and sone evidence for this effect. Anyone
can do sone pie-in-the-sky specul ati on.

[Slide.]

Wiy is that inportant? | believe that this could
be any effect. You don't have to wite down the ones we
happen to find any difference. These are the ones we happen
to find. Sonebody else could find sonething else. But if
any of those are real biological effects, I think we can
make a better characterization and a better testing protocol
to assess the safety of RF signals. So | think that is the
mai n notivation for getting a better handle on what is a

robust radi of requency effect.
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If there is no effect, then | guess what we have
been doing so far is fine. |If there is an effect, then we
at | east need to think about have we done the right in vitro
and in vivo tests.

Thank you.

DR. OVNEN:. Thanks, Joe.

| think, because we are cl ose enough to our
schedul ed break in the agenda, rather than get right into
t he heat of discussion and then have to take a break, | am
going to go ahead and take a fifteen-m nute break now and
t hen convene for the discussion.

[ Break. ]

Di scussi on

DR ONEN: | think we got off to a good run this
nmor ni ng before our m d-day break di scussing issues that had
come up fromthe norning talks. So | would like to start
of f now the sane way wi th discussion around the table of
this afternoon's presentations.

Come tonorrow norning, we wll try and draw
together the points, the various topics that are raised in
all of today's discussions to get targeted di scussion on
t hings that have al ready been rai sed.

Wul d anyone in the group like to kick off?

DR. MacGREGOR | would just like to raise an

issue of clarification with regard to the exposure versus
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expression and neasurenent. | believe | understand the
experinments that were done at |ILS where the treatnent was
done during the exposure period and then the cytochal asin
culture went in in the absence of exposure.

But | wasn't clear, in terns of the other set of
experinments when the exposure was during exponential grow h,
they are growing cells, and then cytochal asin is added. Was
t here exposure during the entire experinental period or was
exposure stopped at the tinme cytochal asin was added.

DR. ROTlI ROTlI: The cytochalasin B was added after
the end of the exposure.

DR. MacGREGOR: After the end; okay.

DR ROTl ROTI: So it was either 3 hours or 24
hours prior to the start of the cytochalasin B. So the
fl asks canme out of RTL and then cytochal asin B was added.

DR. MacGREGOR: So then | would guess | would
follow that up to ask, with that kind of experinenta
design, then, any mcronucleus that you are nmeasuring have
to be derived froma persistent lesion that is present that
is going to generate a break or disrupt the spindle
attachnment, or sonmething, during the replication.

| am wondering if others have done experinents
where the exposure has been carried out during that period

of actual replication and chronosone segregation.
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DR. ROTlI ROTI: The only m cronucl eus we woul d
have | ost woul d have been the ones that were expressed prior
to the end of the exposure. So sonmething that actually was
generated during the exposure, we m ght have m ssed because
we only | ooked at those that were expressed afterwards.

But it is just basically the way we did it. In
t he pl at eau- phase cells, they are not going through the cel
cycle so no cells are getting into mtosis--except for the
small growh fraction that is always present. No cells are
really getting into mtosis. It is only in the
exponentially growing cells that there is a constant
fraction of cells going into mtosis.

DR. MacGREGOR: Right. In the |Iynphocytes, if
understand it right, was the mtogen in prior to exposure or
after?

DR ROTI ROTI: It was after.

DR, MacGREGOR: So, therefore, in the plateau
phase, and in the human-|ynphocyte phase, you are exposing
nonr epl i cati ng, nondividing, cells.

DR ROTl ROTI: Correct.

DR. MacGREGOR: I n the exponential phase, you are
exposing cells that are going through that division process
but then you stop, and then they go on into a kind of
di fferent phase where you are trapping, then, the

bi nucl eates. So they are slightly different. But, in both
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cases, you are not continuing the exposure during the period
when the cells are comng through into that final
measur enent phase.

DR. ROTlI ROTI: Yes; that is exactly right because
that would alter your optim zation paraneters.

DR. TICE: Although you could do the cytochal asin
B during the proliferating-cell phase. You wouldn't do it
during the qui escent one because the cells are not dividing
anyway.

DR. ROTl ROTI: Right.

DR TICE: In terns of experinmental protoco
design, the quiescent cells that Joe did and what we did
wi th |ynphocytes are the nost directly conparable in the
sense that the cells were exposed for 24 hours in a non-
dividing cell stage, then stinulated to divide either by PHA
or by, basically, subculture.

DR TICE: Qurs were stinulated for 18 hours prior
to that, for 18 hours prior to the addition of cytochal asin
B.

DR. MacGREGOR: Has anyone done experinments where
cells, in fact, have been exposed through the entire period
up to the expression and formation of the m cronuclei?

DR TICE: Sonme of the data that Luc tal ked about,
there is a V-79 setup where they got increases in

m cronucl ei aberrations in V-79 cells that were exposed.
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They were during the exposure but, in a sense, the concern,
there, of course, is that there m ght have been obvi ous
thermal effects because they saw both aberrations and

m cronucl ei .

W didn't do a mcronucl eus study, but we did an
aberration study with proliferating stinulated | ynphocytes
where we did themfor 3 or 20 hours, starting at 48 hours
after PHA addition and so no increase in aberrations. But,
in that protocol, we did not try and | ook for m cronuclei.

So the exact experinent you are tal king about has
not been done under the conditions where we have done the
ot her ones.

DR. WLLIAMS: It seens we are in sonething of an
experinment conundrum In other words, it seens to ne the
basi ¢ hypothesis is that there may be thermal effects or
there m ght be athermal effects. |If the basis of in vitro
and in vivo toxicity is the dose-response curve, then we
woul d |i ke to separate those.

And yet, it seens to nme, that if we try to drive
the athermal effects to high doses, thermal effects kick in
and either mask it or are the driving force. On the
experinmental side, if | read the charts correctly, in
| ooki ng at the voxel distribution, within the experinents,
you have a factor of 4 difference in the | east exposed to

t he nost exposed.
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| don't know if | read that correctly, in those
voxel histograns, the ones on the left were about 2 and the
ones on the right were about 8. So, in the absence of being
able to separate those out with RF, it puts, really, the
i npetus on using heat as a tool to try to get a very precise
thermal effect curve; tinme, tenperature integrals for the
production of different types of mcronuclei and other
aberrations as well.

But it is really a conundrumwhich |I don't see
there is an i mmedi ate open solution to how to uncoupl e the
thermal and athermal effects, if they can be uncoupl ed.

They may not be able to be. So naybe we could think al ong
those terns. 1Is there any way to do that? 1|s there any way
to get a very narrow wi ndow on exposure |levels and to be
able to vary, at that point, whether you can say whether it
is--it seenms to ne that, in many of the experinents, you can
say we have nultiple popul ations of cells here.

Sonme are being heated nore than others. Are the
heated ones the ones that are contributing to the overal
effect? Wen you do sonething |ike mcronuclei or
chronosone aberrations where you are looking at a relatively
| ow frequency event, then it is nore difficult to do. | f
you are doing induction of heat-shock proteins, then you can
do flowcytonetry and see if there is a subpopul ati on and

whet her you are affecting that.
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But, in my mnd, just in general sense, being, in
a way, an outsider, | think that is the overall experinental
pr obl em

DR. TICE: Joe and | have tal ked a fair anmount
about that fromthe standpoint that, again, for us, the
thing that we conme up with nost likely helping to explain
the information as you and | have tal ked about is to, first
of all--well, in a sense, they are run concurrently because
it is weight of evidence. But you run--it doesn't matter if
it is 10T1/2 cells or it is whole blood, but you run whole
bl ood for 24 hours at different tenperatures; right around
where you think the tenperature gradients are, you neasure
t he frequency of m cronuclei.

At the sane tinme, you do a replicate RF exposure
where you do heat-shock protein levels to see whether or not
you got heat-shock protein. Because, if you have no heat -
shock protein but you are still getting m cronuclei, then,
theoretically, that would say that it is not a heat-shock
effect.

DR. WLLIAMS: It just says that you can uncouple
t he heat of aberrations in the induction of--

DR. TICE: The third one is you do the cultures at
30 degrees, or 25 degrees. |If you still get mcronuclei at

that, then that al so would suggest it is not a heating--
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DR. WLLIAMS: There is no question that, between
roomtenperature and 37, there is a |lot of very
sophi sticated DNA biology. W did sonme studies in which we
were | ooking at intercolation in the double helix. There is
a huge difference between about 27 up to 37, a big, big
effect. So, clearly, at |less than 37 degrees, there are
changes in the structure of DNA that may be playing a role.

DR. TICE: Wich is why you don't just rely on one
set of data.

DR. WLLIAMS: | mght just say about repeating
experinments, that if you do an experinment tw ce, you are
only increasing the power by 30 percent. So the square root
of 2.0 is not very big.

DR. HOOK: But, with any nmechani smyou are talking
about having to do with changes due to changing fromroom
tenperature to any other, you should renenber that all of
t hese studi es have controls which went through the sanme kind
of fluctuations as are treated. So the best you could argue
is that RF is enhancing sone effect because we see a
di fference between our controls and our treated.

So all these other little side issues, | think,
are covered. W have got a control

DR. WLLIAMS: | amnot sure. |If there is sone
syner gi sm bet ween- -

DR. HOOK: That is what | am saying.
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DR. WLLIAMS: That's right; you can never
separate those out.

DR. HOOK: You can say there was synergi sm but
you can't say RF had no effect. You can say its effect is
synergistic. That would be the | east you coul d argue.

DR. MORCS: | think that what Dr. Wllians is
saying--with nmy words, | would say that the effect, the
dose- dependent effect that was shown--what you are saying is
that you don't know whet her they are dose-dependent on the
SAR dose or the thernmal dose.

DR. WLLIAMS: Yes. And you have a variation in
4, if I think I interpret, in SAR dose within a single
flask, or even nore. And | wanted to ask, if you change the
SAR--for instance, if you have an SAR, an average of 10, is
the variation fromlow to high the sane as it would be if
you had an SAR of 1, the variation between | ow and hi gh?

DR. MORCS: Yes; the standard devi ation would stay
the sane, will scale linearly, unless you start to saturate
the anplifier.

DR. ROTlI ROTlI: Sonething that will be part of
what ever we propose to do would be nonitoring HSF
activation.

[Slide.]

| would like to distinguish between HS activation

and the heat-shock protein expression. The HS activation is
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just activating the transcription factor. The subsequent
gene expression cones |later, and we don't know how sensitive
that is yet.

We do know that HSF activation can detect
5 percent of the cells heated to a degree for fifteen
mnutes. W don't know if we can do better than that and I
t hink we can do better than that.

But, at the sanme time, Dr. Hunt in our group has
just conpleted Iinking the GFP to the HSP-70. Now, nurine
cells express no HSP-70 unl ess they have been heated. W
don't know how sensitive this will be, but they are going to
create stable transfectants.

We also don't know if the GFP can be fi xed.

Assum ng the GFP could be fixed in situ after exposure, you
could actually do the very experinent that Dr. Wllianms is
tal ki ng about by correlating the presence of the m cronuclei
with the amount of GFP that is present in the cell.

But the issue is going to be sensitivity.

DR. WLLIAMS: But you feel fairly strongly that
the thernmal effects of m cronuclei would be coupled to the
i nduction of HSP-707?

DR ROTlI ROTI: If the cells were heated, the HSP-
70 shoul d be induced, assumng it is sensitive enough. And
then you can then correlate the presence of the m cronucl ei

w th subsets of that population. You could actually sort
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those. The trouble is, they would be binucleated. But you
could, theoretically, sort themby GFP and score a thousand
fromeach sort bin and see where your mcronuclei were.

DR. ALLEN. | would like to add one thing that |
think could be of interest in this. It is known that heavy
expression of HSP-70 does protect from chem cal induction of
m cronucl ei .

DR. ROTl ROTlI: Right.

DR. WLLIAMS: So this could confound the
interpretations of the mcronuclei that you are trying to
correlate with the HSP-70 expression |evels.

DR. ROTl ROTlI: Right.

DR. WLLIAMS: It may be difficult to nmake those
connecti ons.

DR. ROTlI ROTI: But at |east we would know t hey
were hot spots that were hot enough to cause the cells to
express the HSP-70. If you didn't find--you could actually
do the negative. You could sort the cells that had no HSP-
70 and then score the mcronuclei in those. Then you could
exclude cells that were known to be heated, so you can
actually use that as a negative condition.

MR. BASSEN: | think to uncouple tenperature
effects fromelectric field or SAR effects, you sinply would
do what has been suggested, is do the experinent tw ce or

several tinmes at an anbient of a half a degree | ower and
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hi gher than 37. That way, the absolute tenperature is
shifted, but the tenperature elevation would occur in the
experi nments.

| don't think there is anything nagic about the
tenperature el evation and the SAR being distinct. | think
you have to do it at two separate levels to separate those
t wo.

DR. HOOK: | guess | would like sonme expl anation
on that because | just can't correlate what we are doing
wi th what people are tal king about as thermal effects.

We neasured the tenperature in these flasks, or in
the tubes. It was that 36.5 and 37.5 degrees C.
Admttedly, that is sone average tenperature where we had
the probe. But there is a nmeasure of tenperature. Now,
peopl e are saying that ny data could still be explained by a
thermal effect. So, dropping the tenperature by half a
degree, neasured in nmy therm stor probe, | don't see why
that renoves that argunent because they are saying that ny
measurenent has no relationship to what they are saying is a
thermal effect.

So, just some expl anation.

DR. WLLIAMS: Joe, is there a good tenperature-

response curve for the induction of mcronuclei?
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DR TICE: | amnot aware of it. It mght be in
the hypertherma literature. | should go back and | ook for
it.

MR, BASSEN. Whuldn't you get that with your shans
for the experinent that | proposed?

DR. ROTlI ROTI: Yes; we could do that. | suspect
that Jerry's question is that the people who | ooked at
m cronucl ei after hyperthermia tended to | ook at therapeutic
t enper atures because they were using it for trying to treat
tunors. So | don't know that there is going to be a | ot of
| ow tenperature sensitivity for mcrowave effects.

| just don't know that that is there. It wasn't
until | actually started working on RF that | becane
concerned with pushing these assays to their lower limts,
for obvious reasons. | think that is an inportant part of
any of these studies, is there a strategy to push the
positive controls to their lowest limts.

MR. BASSEN: Until you do a study where you vary
the tenperature, you are always going to have detractors
that will say, "This is a thermal effect.” They always say
t hat about m crowave. Wether it is or isn't is irrelevant
if it occurs at two different anmbient tenperatures for the
sane dose.

DR, LOTZ: Howard, in that regard, isn't nost of

t he suggestion--and Gaham this goes back to what you just
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said a m nute ago--you have still got a thermal effect on
the rationale that, because of the inhonbgeneity in your
tube, presumably you have sone cells which are exposed to a
much hi gher tenperature than you are able to detect.

| think that is the rationale. And the question
is howinportant is that. Wat proportionis it? Is it a
significant enough proportion to really bias the finding
that you have or is the fact that that is a small proportion
why you have a small effect and if you had themall exposed
to that higher |level, you would have a nuch nore robust
effect.

DR TICE: But getting back to what Howard was
saying also if, at 37 degrees, | don't know what the
increase in tenperature is as you go out to where that high
SAR is. But let's just say that hypertherma nornmally is
said to be occurring at 40 degrees. So let's say that we
have got a small population of cells at 40 degrees in a few
voxel s somewhere scattered throughout that 1 m, or one-

third of am, sothat is 37 to 40. That is a three degree

I ncrease.

If we do the cultures at 33 degrees, or
34 degrees, we are still only going to get a 3-degree
increase, | amassumng, with the distribution. In that

case, if you get mcronuclei, then it is not hypertherm a.

I f you don't get mcronuclei, the question that Jerry was
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saying is that maybe the cells are different at 33 degrees
than they are at 37 and, therefore, you have | ost the
ability to get response.

So you are sort of caught both ways.

DR. WLLIAVMS: The variation within the culture
di sh fromexposure is not particularly inherent to the type
of exposure apparatus scale but sinply on the wavel ength of
the irradiation?

DR. MOROCS: No, no. It has to do it with
everything. It has to do with the wave I ength and the
desi gn of the apparatus.

DR. WLLIAMS: No; | amsaying, if you built a
huge expensive piece of apparatus where this is sitting in
the mddle of that, that would not solve all the problens.

DR TICE: | would point out one thing that we
didn't nmention, and you m ght reflect back on, is we get the
same nmagni tude of response regardl ess of whether it is TDVA,
CDMA, anal ogue or PCS. Now, three of those are 837 MHz, but
PCS is at 1909.8. The variation around that was nuch
greater. There was much nore variability in tenperature in
SARs, and al so tenperatures, because of the hot spot, than
there was for the 837.

But, again, even though those conditions are
different, the magnitude of response was the sane which is

anot her way of saying to ne that maybe it is not
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tenperature, because | wouldn't expect themto give us
i dentical results.

DR. HOOK: And there is data where we didn't see
responses, Joe's data, Marty Meltz did some work, too, al
of which were in situations where there were tenperature
increases. Marty Meltz--he is not here to present his data,
but he did distributions on his and his SAR distribution was
greater than ours. And so he had hi gher values than we saw
and he saw no effect.

So if it is just tenperature, we are just not
seeing it. So there is sonmething else there. | think what
| am saying is we have got a |ot of data here and you could
probably parse out a little bit of the answers as to whet her
or not there is sonme kind of point SAR effect that is
| eading to these data.

DR. WLLIAMS: May | ask anot her question? The
variation in an SARin the culture vessel, does that al so
inply that there are variations in the relationship of the
magnetic, the electric, conponent, that there are changes in
the nature of the waves at any of those points because of
interference or anything of that nature?

DR. CHOU. The SARs, you saw the pattern | showed
of different colors. That particular |ocation, red color
means very high SAR relating to the high E-field over there,

of course relating to the magnetic field. So this, the
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propagati on, the absorption, are all based on the |ocal area
E-field and the determ ne the SAR according to the sigma
times E divided by rho. That is the SAR definition

So that is howit was calculated to get that
capacity.

DR. WLLIAMS: Wat | was getting was that, if
you, then, you start varying tenperature and the overal
t enper ature changes whether, still, there would be areas
where you have a stronger E-field and, therefore,
tenperature i s not going to--

DR. CHOU. The E-field does not change. That does
not change with tenperature. The E-field will determ ne the
tenperature but if you change the tenperature, it will not
change the E-field.

DR. WLLIAMS: That is what | am saying, that
changi ng tenperature through there would allow you to change
on variable and not the other.

DR. FENECH. | have two questions to Ray and
G aham about their whol e-blood culture test that they have
done. | was wondering whether one potential alternative
mechani sm nmaybe for what you are seeing, apart from-
whether it could be a pro-inflammatory effect, the whole
bl ood, nmacrophages, and so on--at |east with ionizing
irradi ation, you can get generation of clastogenic factors

in the plasma, in the bl ood.
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So | was wonderi ng whet her you have any evi dence,
any idea, fromscanning the literature of whether sone
heati ng m ght cause a pro-inflanmmtory response in the
macr ophages whi ch m ght explain why, later on, you see the
damage.

DR TICE: Two kinds of answers. They are al
inferential. |[If there is an inflammtory response, you get
rel ease of free radicals. W would have picked that up with
the conet assay based on that particul ar assay being
exquisitely sensitive, supposedly.

DR. FENECH: But the inflammtory response m ght
kick in after.

DR. TICE: You nean after the exposure, |ater on?

DR. FENECH: After the conet test.

DR. TICE: In which case, we woul dn't have picked
it uponthat. So it is atimng effect. So | can't rule
it out. But also remenber that the cells that we are
| ooking at don't produce an inflammtory response.

DR. FENECH  The macr ophages- -

DR TICE: Yes; but we are | ooking at |ynphocytes.

DR. FENECH. Ch, yes; but you can have a bystander
effect.

DR TICE: Yes.

DR. FENECH  Maybe what you are seeing is a

bystander effect. Nevertheless, it is inportant.
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TICE: That doesn't explain the 10T1/2 cells.

FENECH. Not quite.

S

TICE: Not quite.

DR. FENECH: Al though you nention in your studies
sone effects of superoxide disnmutase. You never told us--

DR. ROTI ROTlI: That was in a stinulated
macr ophage system which was a nodel of an inflamratory
response, as a matter of fact. But we didn't do this yet in
a normal cell just trying to induce antioxidant enzynmes or
trying to see if we can nodul ate the oxi dated stress
response. That is one of the things | referred to in ny
| ast slide was extending that kind of an observation to a
nore typical situation which would be any tinme that enzyne
is induced is it nodulated, or is it just in that particular
ci rcunst ance?

DR. TICE: There is an easy way to test that; that
is, you use isolated | ynphocytes.

DR. FENECH: There is one other neasurenent you
could to with the cytokinesis block assay is the nmeasurenent
of the nuclear plasm d bridges which gives you a neasure of
chronosone rearrangenment which presunably are errors from
breakage. | was wondering whether you neasured that
endpoint in the assay because that could tell you whether
you had increased breakage or not w thout having to do a

ki netochore test--in other words, if you had the slides.
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DR TICE: W have the slides. W don't have the
support, but we have the slides.

DR. FENECH: The same woul d apply for the
enbryoni c cell.

DR TICE: The 10T1/2 cell.

DR. WLLIAMS: But the slides aren't prepared for
FI SH or anything like that so you could | ook at
transl ocations or things like that. Do you?

DR, TICE: Renenber, in FISH you could | ook for
transl ocati on because you are looking at DNA. W can't do
t he ki netochore stain because the kinetochore is destroyed
the acidic acid. But you could go back and look to see if
there was aneuploidy in the cell popul ation.

DR. WLLIAMS: | have a minor point. It seens to
me that a rapid way of |ooking at whether free radicals are
involved is sinply put in heavy water.

DR TICEE O a free-radical scavenger.

DR. WLLIAMS: Yes; | |ike heavy water because it
is less perturbing to the biology, | think, than free-
radi cal scavengers which can affect pol yam ne synthesis and
things |like that.

DR LOTZ: | would like to ask a question sort of
in aslightly different direction but the fact--and Ray, you
mentioned this just a nonent ago--the fact that, in your

work at ILS, you saw changes in mcronuclei with all of the
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t echnol ogi es you | ooked at. But at Washi ngton University,
they did not.

Any thoughts about what is going on there?

DR TICE: W actually talked about it. One of
those mght be the statistical tests used to drive the
conclusion. What we do is a Fisher's Exact test because we
are |l ooking at the frequency of m cronucl eated cells which
is a binomal response. You either have it or you don't.

What Joe did was he used student's t-test which
takes an average of a population so his variance termhad to
be based on replicate cultures; is that correct?

DR. ROTlI ROTlI: Replicate experinents.

DR. TICE: Replicate experinments. So he | ooked at
variability across experinents. So our particular
statistical approach, which is actually normal for
m cronucl eated data, is nmuch nore robust. So we are talking
about whether or not his increase with the FDVA, was
actually statistically significant if you use another test.

DR ROTI ROTI: W will try to use that test but
we were also very close to the borderline of the statistica
significance in ternms of--sonmebody asked nme about the error
bars and | said that the difference in the CDVA wasn't there
if you just used the 95 percent confidence limts on the
means. It is within those. But it was positive by the

student's t-test and the FDVA one just didn't happen to be.
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But there was still a difference and the difference is close
to the same absol ute val ue.

DR. WLLIAMS: How robust is this response? In
other words, if you | ook at other agents and how nmany
m cronucl ei they can induce, are we down at the | ow end of
those or at the high end, the m ddle?

DR. TICE: You can answer that a couple of
different ways. First of all, you can say if | was
interested in getting a robust response, what kind of
facility would I be | ooking for.

Renenber that what we saw was background in the
| ymphocytes, about half of a percent of cells had
m cronuclei. And we went to 1.5 percent. So half a percent
to 1.5 percent is nothing you woul d--well, we got, on an
average, about a four-fold increase. But sonetinmes | don't
i ke fold increases because, renenber Joe's contro
frequency was about 5.0 percent?

DR. ROTlI ROTI: Depending on the cells. 2.5 1to
5.0 percent.

DR TICE: 2.5to 5 percent. So he has got a
five-fold higher background frequency than we did. So if he
had to have a four-fold increase, he would be going from2.5
to 10. Wt would be going fromO0.5 to 1.6 and we woul d be

calling themequally in terns of the fold increases. | am
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nore interested in the absolute difference in terns of the
magni t ude.

| f you |l ook at those, our two nagnitudes are
pretty, pretty close. W are tal king about a difference of
1.0 percent of the cells--not a 1.0 percent increase but
1.0 percent nore of the cells have a m cronucl eated
bi nucl eate cel | .

DR. WLLIAMS: W are still looking at fairly rare
events in the popul ation.

DR TICE: Yes; it is just that the p-values are
very highly significant because of the nunber of cells we
are--and the magnitude of the response being | ow, the
control frequency.

DR. FENECH: Assum ng that the m cronucl ei
originated fromacentric fragnents, 10 m cronucl ei per
t housand coul d be induced, let's say, by an X-ray dose of
somewhere between 5 and 10 centi grade.

DR TICE: It is areally | ow biological response.

DR. FENECH  That is the way, | suppose, you could
conpar e.

DR. MacGREGOR: | have anot her question along the
sanme |ine of differences between the experinents. | wonder
if those of you that have thought about it for a while have
any conjecture why the exponentially growing cells were
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negati ve where as the plateaus were not. That seened a
l[ittle surprising.

DR. ROTI ROTlI: | should answer that, | guess.
thi nk your first question, a very good possibility is that
there may have been sonme m cronucl ei expressed during the
24- hour exposure that were m ssed by the subsequent 22-hours
cytochal asin B assay. So one way m ght be to go back and
bl ock during the exposure tinme. O maybe expose for a
shorter period of time and then bl ock, not 24 hours, and
then try that.

| don't have an explanation yet, except for one,
and that is that the background m cronuclei frequency seem
to be higher in the exponentially growing cells so to get a
statistical difference with such a small absol ute change
woul d be harder

DR. WLLIAMS: Background micronuclei. Do they
have centroneres in them kinetochores?

DR ROTlI ROTI: | didn't nmeasure that.

DR. WLLIAVMS: But are they normally that type of
aberration?

DR TICE: Virtually all popul ati ons have bot h.
It is just that, typically, it is about 40 percent | would
say | aggi ng chronosones and 60 percent fragnents. But it
depends on the popul ati on.
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DR. FENECH: One comment | would |ike to nake
regardi ng the expression of mcronuclei is that there is
anot her nmechani sm nuch rarer but that can still happen under
conditions of gene anplification or sone rearrangenents in
t he chronosones.

There is an alternative nechanismthat the cells
can use to elimnate anplified genes. The anplified genes
sort of get herded to one corner of the nucleus and then get
butted out to forma mcronucleus. This is work described
by Shi muzu and ot hers.

It is an alternative nmechani smthat occurs during
s-phase so it occurs in actually dividing cells. Using a
ki net ochore anti body, this would | ook as a negative as well.
It is a nmechanismthat we have to be aware of. It seens
unlikely that it would be operating, but seeing that we know
very little about what is happening, | amjust making a
poi nt that we should be aware of this alternative mechani sm
of m cronucl eus expression.

DR. CHOU: | want to cone back to comments before
about tenperature and SAR O course, the tenperature and
SAR are relating to the dielectric property. The dielectric
property varies as tenperature goes up and down. That was
al so changed. So that is a reaction still related.

For exanple, if you have a cup of water at

O degrees, very cold, and you put it in the mcrooven, it
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will take a long time not only to reach the tenperature from
lowto high, fromO to 100 degrees to boil, also because the
di el ectric constant becones very, very low, very | ossless,
not as lossy as roomtenperature water. So that can be sone
di fference.

Here, | want to nention about this 10 Wversus the
control that you show effects. O course, we put the
tenperature sensor in there at 37 plus-or-mnus, it was in
that range, it seens to be, for both the control and the
10 W That is why we want to control at 37 degrees.

But, according to the table, we have to set the
circulator tenperature for the 10 Wto 35.3 degrees conpared
to the control, you need to set at 36 degrees. So the worst
case, you have sone cells at the very bottom of the test
tubes. The worst case can have a 0.7 degree tenperature
di fference between the two groups.

So | wonder whether this 0.7 degrees, over
24 hours, will be enough to make the difference between the
two groups. | think this is all we are tal king about for
the tenperature shift up and down whether it is sensitive
enough for this 0.7 degree effects to show up in the cells.

DR MORCS: | guess it would depend on the
absolute tenperature. |If it is the difference between 37

and 37.7, then--
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DR. CHOU:. Yes; this is the difference between the
two groups. It can be worst case.

DR. MORCS: That is what | am saying. The
difference between 37 and 37.7, it is different than, say,
38 from 38. 7 because you have to integrate those over the
24 hours, which is arelatively long period. So the thernal
dose nmay be drastically different. | would have to make the
cal cul ati ons.

But one could nmake the thernmal dose cal cul ation
and make these evaluations, at |east theoretically.

DR HOOK: | don't have it broken down, exactly,
into our 24 and three-hour experinents, but renmenber, from
my data, that is now a 0.2 degree difference fromthe
equi libriumtenperature range that we saw. |n other words,
we had sone experinments where the equilibriumtenperature
was 36.5 and we had sone that were 37. So now we are only
tal ki ng about 0.2 degrees difference.

DR. CHOU. That is where you neasure. W try to
keep that thing at 37. But, of course, there is sone
variation due to experinental variation. But here, when you
put it into the cooling, you set that, there is a difference
bet ween the two of about 0.7 degrees according to the
setting. So if the cells, after so many m nutes, so nmany
hours later, you are pretty nuch near the bottom of the

t ube.

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

So, for the worst case, if they all the cells are
right on the surface of the tube, the difference between the
two conditions can be up to 0.7 degrees difference.

DR HOOK: I'msorry; what | was saying is that,
in our experiments, between experinents, we have, in fact,
eval uated very close to your worst case.

DR. CHOU. You cannot have the tenperature sensor
right on the surface at the bottom

DR. HOOK: Wy not ?

DR. CHOU. When you try to neasure sonething in a
smal | place, always your sensor is sensing the average in
vol une around the tip.

DR. HOOK: The tip; right.

DR. CHOU. That is all you can neasure. Usually,
when you put it in, you don't go all the way to the bottom
You always do it at the bottonf

DR. HOOK: Yes; pretty well. It mght come up
just alittle bit.

DR. CHOU. | thought you usually pulled it up a
little bit.

DR HOOK: W pull it up alittle bit.

DR CHOU:. And it will be in the mddle of the
vol une.

DR HOOK: Right. But that is the tenperature we

are neasuring. That is how we set it for 36, 35.3.
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DR. MORCS: | may suggest a relatively expensive
way of getting rid of this uncertainty is by carefully
mappi ng the tenperature distribution with a phantom You
don't have to do the biological experinent per se, but you
set up everything like you did. Then you put the probe in
one place, you read it for ten mnutes and then you can nove
it, pull it up slowy, maybe every half m nute or sonething.

| f you map the tenperature through the center of
the tube and then along an acentric |ine, and perhaps on the
wall, then you will be satisfied and |I think everybody el se
will be satisfied if you don't see that drastic tenperature
change. That would be a relatively inexpensive way.

DR. CHOU. This goes back to your earlier
coments. \Wen you go to a higher SAR there is sone
gradient in there. So the higher the SAR the worse the
gr adi ent .

DR, WLLIAMS: Experinentally, is it difficult to
set up a system where you can maintain tenperature within a
tenth of a degree or two-tenths of a degree? If you are
foreseei ng experinents where the variable is exact
tenperature, how precise can an experience system be set up
to maintain that over 24 hours?

DR. MOROS: In the RTL system as you saw, the

RTLs were alnost 4 feet by 4 feet in size. There are
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16 flasks and there are 9 RTLs. So there is a challenge in
terms of tenperature control.

| can confidently say that, at a steady state,
once a systemis running for a while, there is a variation
of 37 plus-or-mnus 0.3, 0.3 not being the standard
vari ation, being the maxi num devi ati on.

The reason for this level of control is because of
the alum num plates. They are large thernal-conductivity
pl at es that honopgeni ze the tenperature over a very large
area. Now, the situation with their experinents and with
ot her experinents is that once you have isol ated nedi uns
floating in air, then the way you cool it is sonehow there
is some air convection around the tubes or around the fl ask.
Then tenperature control beconmes nore of a problem

But | believe what they said is that they contro
it at least at that point. That is why |I suggested that if
he maps the tenperature and convinces everybody that within
hi s bi ol ogical sanple, you can nap that relatively fast,
that nay be even in a day, it is enough data to convi nce
ever ybody.

But the gradient that will be sustained within a
test tube in air, or in a flask in air, are nmuch greater
than the gradient that will be sustained agai nst an al um num

pl ate, no doubt about it.
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DR TICE: If you are not talking about doing an
RF exposure at the same tine, but you are just tal king about
mai ntai ni ng tenperature, then the setup that was used, in
t he absence of an RF exposure and where the room
fluctuations were controll ed.

Li ke, you put the TEMinside an incubator. O you
put it inside a water bath, itself. The way we are doing it
is, if we kept control under those conditions within
0.3 centigrade, we should be able to go | ess than that
because we can get rid of what is causing that variability.
So you should be able to get down to a tenth, or two tenths.
| think, practically, it is possible.

DR. WLLIAMS: You m ght want to consi der,
al t hough they are expensive, the infrared canmeras between
3.0 and 5.0 mcron sensitivity. Then can | ook at the whole
flask and give an instantaneous readi ng of tenperature
wi thin about a tenth of a degree and they can take any
nunber of inmages with tinmne.

It mght be worth trying to do, just a detailed
study with background tenperature being varied at different
SARs, sinply the patterns of tenperature on the surface of a
plate as a function of the tine of exposure.

DR. MORCS: You want to be careful when you use an
infrared canmera because what you are |ooking at is surface

tenperature. 1In the case of a test tube, then you are
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| ooking at the non-flat surface so you are |ooking at the
optical - -

DR. WLLIAMS: If you nove up to 3.0 to
5.0 mcrons, you are |l ooking at the black-body irradiation
and you really are | ooking at the average tenperature within
surface. |If you have a fairly low surface, that is not a
problem W | ook at tunors underneath skin and can see the
tenperature in the tunor very well

So I would agree that, if you are working in the
near infrared where things are transparent, | woul d agree.
You get reflectants. You would get all sorts of surface
phenonenon. But if you | ook at the |onger wavel engths that
are nmeasuring bl ack-body em ssions, then | think you can get
a pretty good indication of the tenperature of the
substance, itself, and not a surface phenonenon.

DR. CHOU. Also, you are tal king about the
difficult thing here is doing irradiation, everything is
wi thin an encl osed chanber. You use infrared to try to
| ook--that is hard to do unless you open everything up.

DR WLLIAMS: | don't know if you can, but al
you need is a hole about that big for the canera |ens.
don't know if that is possible or not. | saw w ndows and
t hi ngs.

DR. CHOU. That is for the air to bl ow through

but to try to get sonething in there is not easy to do.
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DR MORCS: | really think that that type of
infrared canera--he hasn't told you the setback of trying to
get that type of infrared camera. W are tal king $100, 000,
which is probably a year of anybody's grants.

| really think that an i nexpensive way to do this
is to set up your experinent at 5.0 and 10.0 kg, and sham
and map the tenperatures up and down every--1 have done this
in tunors. | have done it in kidneys. It is not extrenely
difficult to do and that really will give you the data to
convi nce yourself and everybody el se.

DR. WLLIAMS: Sonetinmes the cheapest thing is to
get the right answer. So | could see that naybe FDA woul d
have one of these cameras that could be noved to different
sites. At sone point, you are really going to want to do
i nterl aboratory conpari sons where you use the sanme neasuring
techniques to see the patterns of--it would seemto ne that
woul d be a logical Iine of procedure that would cone out of
t his.

But you are right. A good canera is about

$50, 000.
DR ROTI ROTlI: W still have that canera; right?
DR MORCS:  Yes.
DR. ROTlI ROTI: It could be done with their system
as well. Wsat Eduardo used for the in vivo studies was a

splittabl e phantom where, right at the end of the exposure,
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you pull it out of the exposure chanmber, split it in half
and then image it with a thernographi c canera.

To image the flasks, they had gelled nedia with an
open top, and you immediately lift the lid up and i mage the
flasks. So they could take those test tubes with splittable
phantons in them pull those out and image themw th a
t her nogr aphi ¢ canmer a.

DR CHOU. Joe, for that kind of an infrared--for
that kind of technique, that is usually for dosinetry
pur poses. W have done this for many years. That is
usually for a very high-power level in a very short tine.
You split the nodel and you neasure the neasurabl e
tenperature rise.

We are talking about a little tiny power now.

That is very difficult to do. By the tine you open it up,
all the heat is all gone.

DR. WLLIAMS: You don't think it is possible to
monitor it real tinme through a design apparatus so that
there is an aperture for the | ens underneath the fl ask, and
just for the studies of follow ng tenperature at different
SARs and different tinmes would be possible?

DR. CHOU. This is inside the chanber, and it goes
through all the flasks, all the plastics and all the
reflectants. It is not easy.

DR HOOK: It is very difficult.
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DR. MORCS: The only upgrade that | woul d suggest
is that instead of using a therm stor, you would spend the
noney on a Luxtron system

DR. HOOK: We had a Luxtron.

DR MOROS: So if you have that already, | would
just take the tine and do a map under the exact conditions
of the experinents, and even including 24 hours. You can
map and then go back to the first point and then nmap again,
and then go back to the first point and map again.

| would be convinced of that kind of data if you
chose that the tenperature within, during your what we cal
the "value of interest” is within 37 plus-or-m nus--

DR CHQOU: That is doabl e.

MR. BASSEN: This is what is routinely done in
hypertherm a. Luxtron probes were devel oped for that
purpose. An array of 10 or so probes can nap points in a
smal | tenperature elevation so you can get real -tinme data.

DR. HOOK: This is sonmething Ray said, and | think
we could do this, is instead of doing nultiple assessnents,
put a whol e bunch of probes in the tube. In our system we
had four. | think you had a 16-probe system You could put
all 16 probes in the sane tube.

DR. CHOU: If you put too many, you are going to
replace the liquid by the fiberoptic--

DR. HOOK: | don't know. How spots do we need?
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DR. CHOU. You don't want to disturb too nuch of
t he nmedi um and be enough to get nultiple points.

DR. HOOK: The other way is we are | ooking at
either opening it and noving it or doing another experinent
every single 24-hours and noving it one stage at a tine.

DR. MORCS: No, no, no. | didn't suggest that at
all. You start your irradiation with a probe inside. You
al ready have sonme sort of mcrometer systemattached to the
probe so that you can nove the probe up

DR. HOOK: Not wi thout opening the whole--

DR, MORCS: You can drill a hole in this thing.

DR. CHOU. Yes; we can do that. W have the hol es
on the door.

DR TICE: The holes are there.

DR. CHOU. You can pull it, by pulling a
mllimeter or so.

DR. MORCS: And then what you do is you take the
time every twenty mnutes, every half an hour, every hour,
you do a map. You go up and down. You record the
tenperatures. And then you wait another half an hour. It
is still irradiating and then you do it again, for 24 hours.
In fact, you may not need to go 24 hours, but you need to

map the space.
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DR. CHOU. | think half an hour or so, it would be
all equilibrium You would just have a thermal gradient in
t hat area.

DR. HOOK: Maybe if we can go backwards a bit
because we seemto be getting maybe too specific on what we
can do to evaluate our system But | would, again, maybe to
get things started again, one set of our data, at |east for
one technol ogy, our fold increases were simlar. W found
the sane effect for 10 Wkg and 5 Wkg.

DR. CHOU. That is expected. Due to tenperature,
it should be the sanme, because your SAR is the sane.

DR, HOOK: 10 Wkg and 5 Wkag.

DR CHQOU: Yes; in CDVA, TDVA. It doesn't nake
any difference.

DR. HOOK: No, no. | amsaying, for one of our
technol ogi es, at 10 Wkg, we induced the sane |evel of
i ncreased mcronuclei as we saw for 5 Wkg, exactly the
sanme. Surely, the nunber of cells that could possibly be at
a high SAR should be different between those two.

If that is the case, why are we seeing that? |[f
it isrelated to tenperature, why aren't we seeing a
decrease?

DR. CHOU. That is only one experinent.

DR MacGREGOR: | wonder if | could introduce a

slightly different question. | think it inmportant to
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understand what is going on in the current experinents which
is mainly what we have been discussing. But | think another
key question, maybe the inportant key question, is can the
observation that has been made be replicated in vivo. |
wonder if there are existing exposure equipnment that would
enable in vivo experinents do be done under the sane
irradiation conditions.

DR. ROTl ROTlI: The answer is yes. | nentioned
that we did a 9-L tunor-growh study for an inplanted brain
tunor. We have just conpleted the two-year bioassay,
exposing the rats for 4 hours a day, 5 days a week for two
years, and the histology is just being worked up.

We still have all those exposure chanbers and we
could use that systemto expose rats to these signals and
see, with either the bone marrow or the blood assay, if
m cronucl ei were induced. So the answer is we have the
exposure systens in place to do in vivo studies.

DR. HOOK: What is your nmaxi mum SAR, though?

DR ELDER: That is a point the needs to be nade.
You probably have the systens to do the in vitro
experinments, but you can't expose those animals to 10 WKkg
for 24 hours, or you are going to kill them

DR. ROTlI ROTI: W have sone guy-type irradiators,

but those are nore for 2450. So it is hard to do the high
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SAR.  You would just see if a nore chronic experinent at |ow
SAR i nduced it.

DR LOTZ: There is sone, | think, significant
value in looking at a lower SAR a longer tinme in vivo from
the sense of--1 was pondering earlier the question, when Luc
presented his talk this norning, he referred to a couple of
occupational studies. Those clearly are not getting 10 WKkg
or anything close to that. 1In fact, we don't really know
because SAR is not an assessnent in those. They are
presuned, by virtue of their job, to have been exposed.

But if there is any validity to those findings,
there is something going on in those individuals. There may
not be validity, but that is certainly an open question to
be pursued.

DR. ROTlI ROTI: The sad part is that we had
term nated the 2-year bioassay when these issues came up.

O herwi se, we could have run the bloods on all of those
ani mal s.

DR. TICE: Joe, you don't have slides for
hemat ol ogy?

DR ROTI ROTI: | don't know if--1 would have to
go back and check. | can ask Marie.

DR. ONEN. It seens |like doing those in vivo

exposures would require a lot of front work in terns of nore
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t horoughly | ooking at the dose response and the tine course
fromthe in vitro experinents.

DR. ROTl ROTlI: | guess it could be a second-line
study, | suppose. But, just like killing the rats before we
found out about this, there is pressure on us to disassenble
that facility.

DR. WLLIAMS: Certainly, | think the 2-year
bi oassay is still the standard, first-line for predicting
cancer. But | do think we have the problemthat we were
tal king about with cells, if you have a athermal and thernal
effect, you can't set the exposure limts in a bioassay that
you would normally by taking a 7-day toxicity and dividing.

So |l think it is inmportant, before we can
interpret a bioassay, to know sonet hi ng about uncoupling the
thermal and athernal effects because | am sure a precedent
to the study would be sort of detailed dosinetric studies in
the intact animal, seeing what kind of SARs you are going to
get through the different tissues.

There sonething that |I'm sure you consider is the
probl em of scale. Mking little bitty cellular phones is
what is expensive for the rat experinent.

DR, MORCS: CQur systemused a standard m crowave
antenna and the rats were positioned angularly around this

antenna with the nose of the rats approximately 3.5 cm from
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the center of the antenna. The dosinetry paper was
publ i shed, | believe, in either '98 or '99.

From that paper, you can see the SAR distribution
that we were able to attain. It would be just a matter of
cranking up or down the power. The power |evel we use, |
believe, was 1.25 Wto each antenna. | don't recall the
average SAR value. But it is in the literature.

So we have, what, twelve of these chanmbers, four
for each one of the signals and sham Each one of them can
hold up to 40 aninmals. So we were running a 440-ani ma
experinment. Cbviously, for another type of study, we
probably don't need that nmany ani mal s.

So we could even share. | don't know. They are
still there. | don't know how | ong they are going to be
t here.

DR. TICE: Russell, do you happen to know-isn't
NTP, right now, trying to schedule or review or conme up with
a concl usi on whether or not they are doing an RF exposure
for their bioassay?

DR. ONEN. Their executive commttee approved our
nom nation for study and it is going into the next phase of
their process which is a twd-stage, as | understand it,
finer look at the exact study design, feasibility and even
costi ng.
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DR. TICE: So then one of the things that m ght be
useful in the long run is to schedule sone, let's call it
genetic toxicology endpoints as part of that assay, which
they tend to do anyway but they don't do all the tinme. So
that m ght be a useful thing to try and get sone of this
addi tional data from

DR. WLLIAMS: Has there been any discussion yet
on how they are going to set the dose exposure |evels or
exposure patterns?

DR O/NEN:  No.

DR. FENECH: One point that was raised earlier in
the talk by Luc Verschaeve were the synergi smtype
experinments which were done with mtonmycin C and X-rays, |
think. In the human situation, at |least, and also in the
nouse, another factor that can induce mcronuclei is folate
state, or folate level in the culture nmedi um

Now, this is of relevance to the hunan exposure
situation because folate status in people varies, and there
is are also genetic differences in key enzynes that
nmet abolize folic acid, not to nention the DNA repair ones.

One possibility for the interaction could be,
let's say, if heating is occurring, to sonme extent, or could
cause depurination of the DNA, let's say, or causing
i ncreased excision-repair activity that could synergize with

the folate uracil incorporation is a possibility. | was

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

wondering if we shouldn't keep this in mnd seeing that this
is an inportant variable in the human popul ati on and al so
the fact that there are, for exanple, other DNA-repair
enzyne defects, let's say the RCA-1 nutation which is

rel evant to breast cancer is also associated with increased
m cronucl ei induction, let's say after exposure to ionizing
i rradiation.

So these are the aspects. After all, it is very
likely that those who get cancer are probably predisposed in
sone way or another, anyway, as it is. The selection of the
types of cells we use in the tests can--considering, for
exanpl e, that Ray Tice was one of the subjects in one of
t hose experinents, you could argue that Ray Tice is not
necessarily representative of the sensitivities of the
general popul ati on.

DR TICE: Absolutely.

DR. FENECH: | think there is a point here that if
any tests are going to be done with human cells, then the
nutrient status of the culture nedi um and possi bly the DNA-
repair capacity of the chosen volunteer, and so on--or at
| east to have volunteers with different capacities or
repair.

The obvi ous exanpl e woul d be a BRCA nmutant as
opposed to one that isn't.
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DR. WLLIAMS: W have just surveyed the
literature to identify popul ati ons, syndrones, with
i ncreased cancer risk. W found a little over 240 of them
For those that you know t he gene, and have sequenced it and
its function, about 75 percent of those are deficits in
control of proliferation. Only 25 percent of them have to
do with DNA fidelity, which m ght expose--so the question of
whet her you test for the sensitive popul ation or the general
popul ation is one that has been discussed a |ot.

I f we knew the nechanism then we m ght be able to

confirmit by selecting individuals that are know to have

defects in certain repair pathways. | can't even find out

t he genetic background of people | study. | am not
permtted to. | just have to get them double blind fromthe
| abor atory.

You can get, say, people with BRCA-1 or BRCA- 2,
but you really have to go through |ong genetic counseling
and perm ssion. | think, perhaps, fromour studies--we have
only done 17. You have done many nore donors than that by
now, I amsure. And we always do a fluctuation

So there is a high background difference,
particularly in gaps and breaks, less in acentric fragnments
and dicentrics in rings. But, generally, the background is
quite lowin acentric fragnents in all the people we have

| ooked at.
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of testing. The variation we see is not so great that |
think it would confuse the results at this stage.

DR. VERSCHAEVE: | think if you | ook at the data
for the synergi sm-one of the studies, anyway, the one that
we perfornmed, was on ten individuals and it was very
reproduci ble. So, of course, | don't know if ten
i ndi vidual s is enough to have differences in genetic
variability or so. But, anyway, what | want to say is that
in that study of ten individuals, we had the sane response.

I n anot her study, from again, | don't know
exactly how nuch, but several individuals, we have, again,

t he sane response.

DR. FENECH: So each individual showed an
I ncrease.

DR. VERSCHAEVE: Each i ndividual showed an
i ncrease and one individual maybe a little bit nore. But
the overall result is the sane. But maybe ten is not
enough.

DR, ALLEN. | would like to nmention one other
factor, too, that could pertain to the choice of human
| ynphocytes woul d be age, because it would be pertinent with
regard to HSP70, with its response to heat. It has recently
been shown that it declines wth age, the HSP70 response, to

heat and ot her agents.
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So it could conceivably be a factor wwth the heat
i nduction here.

DR HOOK: | think repeating it somewhere else is
going to be a big issue. Certainly, bringing in other
donors would help. W did have two donors. | don't want to
say the other one was significantly younger than Ray, but he
was younger .

DR. TICE: Russ, has FDA tal ked about tying into
the NTP center for mcroarray technology and trying to see
whet her or not they can see what genes are upregul ated or
downregul ated in a popul ation of cells exposed.

There are a ot of problens with it just in terns
of interpretation right now, but if you sort of get it on
board in that direction at an early stage, at |east you
m ght be able to find whether sone of the patterns where you
| ook at nmultiple genes at one tinme mght be informative in
seeing, like, for instance, if there is oxidative damage or
if there are heat-shock proteins and all the other things
being tied--

DR. OVNEN: Yes; there are a nunber of studies that
are under discussion associated with that nom nation to the
NTP and, while we haven't, of course, set anything up
because it is still in the early stages of consideration,
that is a good idea to consider and sonething that we have

t hought about.
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DR. LAGROYE: | have a question. W are speaking
ri ght now about SARs that are at |east twi ce the SAR people
experience using the nobile phones. M question is, can we
expect that netabolic exposition to | ow SAR radi of requency
can lead to the sanme effect of high SAR radi of requency.

DR. ONEN. Do you have, fromyour data, any
information that bears on the question of whether nmultiple
exposures at a |lower SAR equate in any way to higher
exposures?

DR. TICE: No. Basically, the positive response
was the 5 and 10, where it was a 24-hour continuous
exposure, and the one didn't do anything. W didn't do
2.5 which was our other SAR that we had tested in the short,
t he 3-hour exposure, setting.

But one of the questions that, of course, that you
worry about when you tal k about extrapolation to people is
whet her or not we are | ooking at an event that can
accurul ate across time as you get nultiple exposures.

The only thing that bears on it is the data Luc
tal ked about fromthe human studies and | guess the cow
studi es where they saw an increase in mcronucl eated
erythrocytes in cows and an increase in mcronucl eated
| ymphocytes in the people. | have never seen those studies,
in the sense of actually trying to evaluate their scientific

credibility, but if those things, in a sense, those "stand
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the test of tine" or are credible, then those probably have
t he biggest bearing in terns of whether or not an increase
in mcronuclei is a biological event which is relative to
human exposure.

DR. FENECH: Those particul ar studies wuld have
to be replicated because there has been control for dietary
factors that inpact on the mcronucl eus index.

DR TICE: Especially in the cows.

DR. FENECH Well, the cows probably are eating
the sane thing. |[If anything, that is probably the nost
robust, | would think.

DR. VERSCHAEVE: They are eating the sane thing,
but maybe they are in a polluted area, and that | don't
know.

DR. FENECH  Going back to the in vitro |ynphocyte
assay with the primary |ynphocytes, it is possible to
culture themfor up to 9 days, maybe 14 days, so you could
do a chronic | ower-dose experinent, | suppose. O course,
with cell lines is another possibility.

DR. HOOK: W could do split dose, or anything you
want .

DR. MacGREGOR: Just to get back to one of ny
earlier coments, | would be interested to see an experi nent
where the exposure continued all the way through the cel

cycle and through our seeing an effect and you don't really
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understand how to maxim ze that effect at this point. It
woul d be good to understand.

DR. WLLIAMS: Conparison of the | ynphocytes to
the cultured cells gives you sone indication there where the
| ynmphocytes are irradiated in a non-proliferating stage and
the cultures cells are proliferating. 24 hours is about
80 percent of the cell cycle.

DR. ROTI ROTI: It is nore than a cell cycle for
10T1/ 2 cells.

DR. WLLIAMS: Onh; that's right. They grow
rapidly.

DR. ROTl ROTlI: So even 16 hours was a cell cycle.
Maybe what we shoul d have done was added the cytochal asin B
after the quickest cell cycle so that the fastest cells
woul d have been through one cell cycle and the sl ow ones
woul d have been somewhere behind that. And then we could
have pulled themout for an additional tinme to get up to the
22 hours.

So that is an interesting protocol for the
exponentially growing cells woul d have been to, maybe after
16 hours, add the cytochalasin B

DR TICE: Actually, Joe, what | would do is add
the cytochalasin B at the sanme tinme you start the exposure
and do two sanple types. You are going to get both early
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bi nucl eates and | ate bi nucl eates com ng out that way and you
still only | ook at binucleates.

DR. WLLIAVS: W can do two cultures, one with
the cytochalasin B fromthe tine--and one after.

DR. ELDER: There has been a | ot of discussion
this afternoon about sone fairly exotic experinment work. |
guess, if you put a price tag on what | have heard, just the
animal work and the in vitro work would be in excess of
$10 mllion. That doesn't include the human stuff.

| think some of the experinents are interesting
and shoul d be tal ked about, but | think we need to renenber
that at the present tinme, we need to find out if the
experiment we are tal king about here can be i ndependently
replicated. That is nore or less step 1 in the process,

t hi nk.
We need to spend a little tine tal king about maybe

what is the best way to go about doing that.

DR. ROTI ROTlI: | have a short proposal, although
| amnot a PI. But, actually, a lot of the expensive
engi neering has already been done. It may not need to be

replicated if we want different groups to replicate
experinments already perfornmed. So we could work out sone
sort of agreenent where we swap the engineering system the
irraditor systens, or swap the investigators going to a

different place. Either way. That would save a | ot of
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money and at | east different people would be able to
duplicate the experinents.

| just wanted to reenphasize, duplicating the
reei ngi neering systemis a big portion of the noney.

DR. CHOU. W are not |acking of the chronic
studies. Quite a few studi es have been done in the past,
starting fromthe Air Force tinme on the effects of the radar
RF exposures at the University of Washington, Georgia Tech
and Frye from San Antonio. On the cellular phone, quite a
few are under way now. So there are quite a few just kind
of long-term studi es have been goi ng on or have been al ready
conpleted a long tine ago.

DR LOTZ: | guess one of the things on there
woul d be whether or not any of those bioassay studies that
are under way could even now back into maybe doi ng sonet hi ng
with mcronuclei |ike Joe was just saying he wi shed he had
done now before he killed the animals and di smantled the
system or whatever.

So that m ght be one possibility. | don't think--
the literature that exists on past studies certainly doesn't
hel p us nmuch on this particular point, anyway. One of the
limtations of some of those other studies, although they
were well done, was that they were a single dose so we don't

get any dose response information.
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DR. TICE: Does N OSH have an exposure facility
for this kind of wave |ength?

DR LOTZ: W have a brand-new RTL system W
don't have anything for in vivo.

DR. TICE: No; | understand that. But at least if
you have got the exposure set up for the in vitro, because
the in vitrois what we are trying to replicate.

DR LOTZ: That's right. 1In fact, we are in the
process--as of |ast week, we have all the pieces, literally.
We just got our anplifier.

DR. ONEN. A related question. The exposure
systemthat you used at ILS, is it still there? Is it still
intact?

MR. WLLIAMS: Can | answer that, Russell?

DR. ONEN. (Ckay.

MR WLLIAMS: M nane is Dylan Wllians, for al
of those who know each other and don't know ne, because | am
a newconer here. | amjust a business person. | have
purchased a WIR exposure system | purchased it for the
betternment of what | am hoping that the scientific conmunity
can nove forward with it. | didn't want to just see it fal
into a box and di sappear.

| have been following this on the sidelines pretty
closely, only through the literature. | really haven't made

any contacts, but | am hoping that, through today, through
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sonme di scussion, we will be able to have sone concurrent
di scussions going forward to make sure that that exposure
systemis also available and in use because | think it was a
very valid exposure systemthat was put together with a
consi der abl e anount of noney and could be very useful.

| also want to discuss it further so that the
correct people are using it; in other words, the people that
know how to make it work, the people that have done the
bi oassay work, that understand. That is why | am here
today. | just don't want to go out there on ny own and
start saying, "Hey, we can do these kinds of experinents for
you guys.”" | want to work with you guys.

So, to answer your question, it is actually stil
sitting in a box at Ray's house, so to speak.

DR. ONEN: Do you want to buy sonme chanberettes?

MR. WLLIAMS: Yes; | mght want to.

DR. WLLIAMS: The recent sort of painful
experinment of the rapid program-1 don't knowif it is a
pai nful experience or not; a |ot of people did a |ot of
scientific research, a lot of negative results. That is
sort of the top end of replication where you hire people
i ndependently to reproduce data.

There was a real--1 think it is different from
what it is here. 1In the early stages of the rapid program

| think there was sone, at least in the back of sone
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people's mnds, the idea that sonme of the results were not
done correctly. | don't think that that is the case here,
at least fromny own judgnent.

So there is the repeatability problem You need
to repeat it nore than two tinmes. That is clear. And you
can repeat parts of it, although it seens to ne that the
critical part would be the exposure. You could send slides
to people to read micronuclei but that is not sonething that
differs very greatly between | aboratories.

You coul d use the same donors. You could split
cells. You could use the same stocks. You could use the
sanme nedia and everything. It seens to ne, just from an
outsider's viewpoint, that it is exposure systens that vary
predom nantly between the different--and | amjust not
qualified to speak--1"msure Dr. Chou coul d--about how
different this would be and whet her you woul d expect
different distributions of tenperatures and different
di stributions of SAR.  And we have seen sonme indication of
t hat .

One thing that bothered nme very nuch in the rapid
programis they went outside the people who were interested
in this area, who were very good biol ogists, to reproduce
this and they spent huge anmobunts of noney on different
exposure systens with the idea that a conmon engi neering

group had to go visit that place and certify that the
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exposure apparatus was producing the changes in fields that
they wanted to neasure.

| don't know where we are conpared to that or
where FDA wants to go conpared to that. But repeatability
and reproducibility can be a huge project. So | think what
we have to do is proceed in a very careful, thoughtful way.
and what are exactly the critical questions in approaching
themin a sequential way.

My personal feeling is we are pretty far fromin
vivo studies. W have to know nore about thermal versus
at hermal mechani sms so that you can interpret the patterns
in the animal s and know what tissues you are really | ooking
at in ternms of possible biological effects.

DR. HOOK: | guess maybe because | am a bi ol ogi st
| woul d argue the opposite. | think we have got two
exposure systens and we have seen sonewhat--at | east these
results are not inconsistent with each other and what we
want to evaluate is whether the biological response we are
seeing i s robust.

So we want to repeat it with other donors in
anot her lab using different culture nedia, different sources
of serum different everything. If it is a robust
bi ol ogi cal response, it will show up in those circunstances.
If it is not, then it is something that is particular to our
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| aboratory and our culture conditions, and then it has | ess
signi ficance.

So, to nme, if we have got one exposure system and
shift it around to different people, and use variations on
their biology, that tells ne it is a nuch nore robust
response than worryi ng about the exposure systemthat we
have had.

DR. ROTI ROTlI: | think if we can get conparable
SARs with the two exposure systens, it would go a | ong ways
to answering this question. W have a little bit of a
difference. | think we have a little bit clearer
tenperature, a nore honogenous tenperature situation, but a
l[imt with the current design for the SAR, we can achi eve.

The TEM cell with the test tubes in it has
guestions about tenperature honogeneity but can really go up
with the SAR without too nmuch problem So what | think we
need to do, at least fromthe RTL--1 don't know how nuch a
project like that would cost. Actually, Eduardo knows how
much that would cost--but do try to inprove the SAR out put
of the RTL system so that we can nmaintain the tenperature
control that you have seen so far and yet do a conparable
SAR to what Ray and Graham have done.

DR. WLLIAMS: Are the investigators convinced
that, by varying tenperature and pressing with RF that you

will be able to discern a thermal froman athernmal effect?
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DR. HOOK: To speak first, | amnot convinced. To
start with, if you drop the tenperature too much, there is
evi dence that hypotherm a i nduces m cronuclei too, so you
m ght have a problem W don't have a | ot of data either
way.

DR. ROTI ROTI: | think the nonthermal and thernma
effects can be distinguished. 1| think we have |ots of
strategies that we have discussed already to get at that
either by tenperature, nodeling tenperature al one studies,
heating with the m crowaves, heating w thout m crowaves, and
then trying to actually nonitor the tenperature with a
bi ol ogi cal probe.

| think all of those are ways of getting at that.
So | think that is a doable part of it. | think that
tradi ng systens, and things like that, with the different
exposure systens is al so an approach that we can consi der.

DR. FENECH. | still have a problemw th the idea
of separating the thermal and nonthermal effects. If a
particular type of irradiation is producing a thermal effect
as well as a nonthermal one, then it is a bit like a conplex
m xture-of -chem cals, so to speak, effect.

So you have got two events that are happeni ng.
mean, in vivo, if you are exposed to this particul ar
radi of requency, it m ght produce both effects

si mul t aneousl y.
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DR ELDER: | think we have to do that, too.

DR. FENECH: So | can't understand, if you are
trying to evaluate risk, why you want to separate the two.
if that is what happens in vivo.

DR. WLLIAMS: To use your conplex chem cal
approach, what we try to do is take each chem cal separately
and see the effects and their conbined effects. Wen we go
to an animal, at least ny inpression is that we will have a
wi der variation in SARs through different tissues.

We can't get a honpbgenous dose through the whole
animal as we try, so it just seens to ne that, down the
line, you are either going to have to take a purely
enpi rical approach and say we are going to take a | ot of
bi ol ogi cal systens and we are going to put them under the
rays and see what happens.

Cenerally, that has not been a particularly good
mechani smin toxicology, at least fromny viewoint. You
get the basic toxicity studies but, before you go to the
hi gher end, which can be $10 million. For instance, if you
do fractionation, multiple exposures every day, for how
long, all of those problens are very difficult to assay or
to approach or to even set up good toxicol ogical experinents
unl ess you have sone idea of the nmechani sm

In other words, if there is a thermal and at hernma

effect and you want to know whet her certain exposure
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patterns produce thermal effects in the brain conpared to
the spinal cord conpared to the ear, it just seens to ne
that, w thout being able to separate those two, the way is
very long and hard and difficult to interpret.

I f you are saying that, then you are sinply going
to drive it enpirically and say, we will use this as a
single agent, as a mxture. Then you are going to drive
yourself very quickly to the ani mal experinents, and there
will be a fairly |arge nunber of them and then to
epi dem ol ogy.

It seens to me this neeting is inportant in
deciding the directions we go to reach those decisions. So
| really strongly feel that we have to try to understand the
mechani sns as best we can.

DR. MORCS: | have a question, probably, for the
FDA. Dr. Roti Roti thinks that we can separate the therma
fromthe athermal SARs. | agree with him partly. | agree
with himup to a certain SAR  There will be an SAR for
which we will not be able to control the tenperature in a
fashion that we will be able to extract the heat generated
in the systemat the sane rate that the SAR is inputting and
entering into a system

Therefore, we are going to have tenperature
increase or we are going to have gradients wthin the

sanpl e, which neans we have tenperature nonuniformty. So
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there will be an SAR at a practical |evel where we won't be
able to separate these two.

So ny question was what woul d be the upper bound
SAR that is of interest to the FDA. For cell phones, it is
probably 2 W 3 W Wiy do you want to go to, say, 10 or
15 W

DR. ONEN. The idea, | think, here, is not to try
and nodel the exposure that is being encountered in the
envi ronment but, rather, to determ ne the existence, the
robust ness, the nechani smof a biological effect. To do
that may require going far outside what you would see in
envi ronnent al exposur es.

In a, perhaps, poorly anal ogous way, you don't do
t oxi col ogy studi es at environnmental doses of chem cals.
Cenerally, you go up to fairly high Ievels.

DR. WLLIAMS: Sonething | nmentioned earlier. It
is the dose-response curve. Certainly, one approach would
be to go down to | evels of exposure that you predict would
occur in human beings. But we cannot expose the nunber of
peopl e who are going to be exposed.

W have to get a dose response soO we can expose
fewer animals, 100 animals, at nost 1000, and extrapol ate
that effect down to | ow doses. | think many people here
woul d guess that if we would expect to see nothing in the

nunber of animals that we coul d apprai se for carcinogenesis.

M LLER REPORTI NG COVPANY, | NC
735 8" Street, S.E
Washi ngt on, D.C. 20003
(202) 546- 6666



at

So the whol e idea of getting a dose-response curve
is so that you can get a dose response and extrapol ate it
back to proposed exposure |evels.

DR MOROS: | agree. M point is that when it
cones to radi ofrequency and the thermal and athernal, there
will be a practical limtation for the upper-bound SAR

DR. WLLIAMS: That's right. The overlap, if
there are two effects.

DR MORCS: W will not be able to separate them

DR. WLLIAMS: But if we know that there are two
effects.

DR. ONEN. That is also part of the reason for
consi dering experinents that are non-RF, heating
experi nments.

DR MOROS: What | nmean is that there will be an
SAR val ue, an exposure value, at which you won't be able to
control the tenperature at 37 degrees. That is what | am
sayi ng.

DR. WLLIAMS: | agree. But that is going to be
above the predicted hunman exposure |level for a single
conti nuous exposure. But, again, if you are going to try to
interpret the question over here, nultiple exposures over a
| ong period of tinme, then how do you transmt protracted or

fracti onated exposure to conti nuous.
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You only do that if you are sure that the snal
exposures are working through the sane nmechani smas the
continuous and the high-dose exposures.

DR. ROTI ROTI: | think the only thing you can do
when you start having these high thermal gradients and those
gquestions are present is to determne, at a given
tenperature, what the neasurable effect for endpoint in
guestion is and then ask, when you are creating that sane
tenperature rise with an RF field, is there any difference
in the response. Then, that increnment would be the
nont her mal conponent.

DR LOTZ: In fact, to follow up on that, Eduardo,
it seens to nme it would be relatively straightforward to do
the tenperature study in the RTL, just raise the whole
tenperature in there in the systemand see--if you did the
RF study that it was high enough that you couldn't hold the
tenperature down, but it only went up maybe a certai n anount
and then you did the thermal non-RF study, raised it the
sane anount but got a |ower effect, you could say, "Wll,
the RF has a greater effect for the equival ent tenperature
i ncrease,” or sonething like that.

That kind of conparison seens possible to ne.

DR. MOROS: | agree. Then | will go back to,

t hi nk, perhaps, ny very first conment which was we need to

chart the waters, we need to chart what happens in terns of
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m cronucl eus expression. In ternms of tenperature, we don't
know what happened. |If we had that data today, we woul d be
di scussing it, because it would be very relevant. But we
don't have it.

DR. WLLIAMS: Wuld you |l ook at an interaction
curve for standard agents that produce the different types
of m cronuclei; for instance, heat with a spindle poise and
heat with ionizing irradiation to see--

DR. ROTI ROTlI: No; we haven't done it in the [|ab,
but we could. One of the things we have ongoi ng, because we
didn't really start out as a mcronuclei project, but we
have considered other things. One of the fanmpbus putative RF
ef fects have been perturbations of cell proliferation.

We basically have begun a study--actually, it has
been ongoing; it is alnost finished--of single tenperature
ri ses, single-degree tenperature rises, on cel
proliferation. W have all of that technology in place
because it was not straightforward.

Basically, we needed a hum dified transfer box so
the tenperature didn't drop when cells were being
transferred, and there is a whole range of that technol ogy.
So a fairly well-controlled tenperature-only perturbation
systemis in place that we have already built to | ook at

those kinds of thernal artifacts and characterize them
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So | think that, |looking at very snmall tenperature
changes in terns of the generation of micronuclei is
probably an inportant baseline because, as we found out from
cell-proliferation studies, surprising differences occurred.
In other words, the first tenperature rise does not inhibit
cell-cycle progression. It stinulates it.

So if sonebody found an inhibition of cell-cycle
progression with a mcrowave field and sonebody said, "Oh;
that is a heating effect,” well, no; it should have
stinmulated it before it inhibited it.

DR. WLLIAMS: Sort of a theory of RF harnesis?

DR. ROTl ROTlI: Right.

DR. CHOU. O course, tenperature-contro
experinments are vitally inportant. | want to enphasize
again, we are not shooting for the final tenperature the
same. W should also try to mmc the rate of tenperature
ri se because the two can be very different.

DR. ONEN:. Al though, in the absence of much data
on the response of the endpoint to non-RF heating of any
sort, if it becones prohibitively difficult to nodel RF
heati ng by a non-RF net hod, one may have to cope with that
limtation and still do the experinents to get the data on
thermal effects, non-RF thermal effects, non-RF thernal

ef f ect s.
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DR CHOU. In the early "70's, | was playing with
all the different nervous tissue or nuscle tissue and |
couldn't see anything different. |If you can really mmc
the tenperature rise and all that--depending on the system
you use, you may have trouble trying to sinulate the
heating. But the system | used was very easy, just produce
the tenperature and they are very cl ose.

DR. HOOK: Those are circunstances where you are
| ooki ng at just one nerve or just one piece of tissue.

DR CHOU: Yes.

DR. HOOK: W have a population of cells in the
bottom of the test tube all of which have different
tenperatures. Presumably, that is the theory. | don't know
how you mmc that by warm ng up the entire tube.

DR. WLLIAMS: Hopefully, you will have cells that
represent each tenperature variation and see whether there
is a dose response for tenperature to induce mcronuclei and
then conpare themto the fraction of cells in your exposures
t hat have that tenperature or above. | think that would be
the way- -

DR CHOU. Oiginally, we designed the system TEM
cells for the Petri dish. The bottomof that circular ring
is very honbgeneous. But, because of the procedural
restrictions or limtations, the | ab has to use the other

tube. That makes it very conplicated.
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DR. MORCS: That is why | make ny biol ogi st work
the way | wanted her to work. | told her what to use. She
had to use the T-75 flask with 40 m of nmedi um

DR. ROTlI ROTI: W chose the T-75 flask because it
is the closest to the 100 m Petri dish that is used in the
standard neopl astic transfornmation.

DR ONEN: | would like to invite additiona
comment on sonething that, really, Dr. Miros raised in a
question earlier. There have been two or three coments
suggesting that, to go further, one thing that is really
essential is sonmething that people have been tal king about
for a long time so, perhaps, we haven't tal ked about it as
much this afternoon, but that is the closer characterization
of the dose response of the bioeffects at hand.

So |, again, would like to invite additional
comment on what range of SARs m ght be npst useful to test
in order to get a better handle on this, how close the steps
shoul d be, and any ot her i deas.

DR. HOOK: W haven't really, fromour data,
produced enough that you could see there is a dose response.
we have got two experinents at 5 and 10. In one, they were
equal and one we had a little bit of a dose response. So

that is what we have.
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So we woul d either have to go sonewhere between 5
and 10 to see if we could produce sonething, repeat, do nore
5's, or go higher than 10. Go 1 to 10? | don't know.

DR. CHQU. For practical purposes, this is
different froma toxicology approach. You try to go over a
very wide range and try to find out how toxic anything can
be and then divide it by a mllion and things |ike that.

So, for the SCC28 Subcommittee 4, we have tried to
cone up with a safety standard for human exposure. So far,

t he whole body is 0.4 for humans and 1.6 Wkg with 1 G PK
SAR for uncontrolled conditions and 8 Wkg for controlled
conditions. That is the current limt now, and also the
ICNIRP is using the sanme nunbers, 10 and 2 Wkg. So it is
all in that range.

| f any study goes up higher than that, it doesn't
really nmean too nuch for the safety standard because we
al ready know above that is not allowed. W don't want to be
hi gher .

DR LOTZ: C K, | wuld junp in here because, to
me, that is kind of--you have got it backwards. Yes; we do
know that 10 is way beyond what we want to all ow through
whol e-ani mal work. We would not want to all ow whol e-ani mal s
to get 10. But | still think we need--1 can't say it nuch
better than Jerry did a few m nutes ago about why we need to

push that dose response to see, to understand the effect.
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| don't think we actually have enough strength to
our biol ogical database to the 4, and particular to the 1.6,
to let thembe the driving factors in this. | think we need
to make the biological endpoints we are concerned with be
the driving factors in what we study, not where we are in
nunbers in existing docunents.

DR. CHOU. | am saying these as reference nunbers.
Wen we designed the study, we use 10 Wkg. W try to be
high to cover sone range. But another question is should we
go even higher than 1 Wkaqg.

DR LOTZ: As Ray nentioned, | think 1 to 10--1
think there is a lot of nerit in that.

DR CHOU:. Yes.

DR LOTZ: Cdearly, both labs indicate sonething
may begin to happen about 5. | alnobst think we have got to
go above 5 to see whether that is real, whether it holds up.

DR, CHOU. W designed both studies for in vitro,

and also the in vivo for the DNA study. They both had

10 Wkg as a maximum | think that is reasonable.
DR LOTZ: | do, too.
DR. TICE: | think what we are trying to arrive at

for a dose-response curve is the shape of the dose-response
curve, in the sense of is there a plateau or not a pl ateau,
because that m ght be in formative. The second thing is

where the breakpoint is.
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The other thing to reflect on is that, in both
cases where we tested one, there was an increase. It just
wasn't statistical. Statistical is driven by the nunber of
cells we score. So one question is, just like if you do
nore animals for cancer research, do you get a different
threshold or a different break point.

So what | would be looking for is a dose response
between 1 and 10. Then, as you start accunul ating data, you
start going down to either |ower doses or you start
coll ecting nore data.

One way of doing it is, rather than scoring the
nunber of cells to arrive at the mcronucleus is to score a
set nunber of micronuclei and then figure out how many cells
that takes. Then what you do is you end up with actually
nmore robust data as you go down to | ower doses; just
di fferent approaches. But | wouldn't be stuck on scoring
2000 cells. That is just because that is the standard
assay, but it is not necessarily the nost sensitive way of
handl i ng t he dat a.

DR. HOOK: The only reason | brought up going
above 10 is that, although | aminterested in the break
point, | amalso interested in seeing if we have hit sone
pl ateau or giving us a datapoint where we mght see a little
bit nore robust response and give us sone idea of whether we

are seeing sonet hi ng.
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| don't know if C K knows whether the system can
go above- -

DR. CHOU. That is the other limtation by the
engi neering aspect. The higher the dose, of course, the
simlar gradient beconmes nore difficult, nore difficult to
control the tenperature and also in terns of the generator.
We had this--there was 1 kWthere and we were able to do it.
But some other |abs, you don't have that kind of capability.
It costs a |lot of noney to buy a high-power generator.

DR ONEN: | will try another one like that.

Li kewi se, further definition of the tinme course has been
menti oned here and there. There nmay be sone questions about
whi ch types of cells you are using and what the answer to
the tinme-course questions would be.

There was al so sone nention of fractionated doses
which is sonehow related to tine course as well. Can | get
any other input on the topic of tine course and what m ght
be done or what questions there are to address? | would
include in that the issues of when the exposure is with
respect to the stages of conducting the assay.

DR. TICE: Wat you have just done is sort of
factorially increased not the conplexity but the nunber of
experinments that are potentially possible. Basically, what

one does is one starts with what data--we have positive
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data. Both Joe and we, in a sense, have data that
replicates with a 24-hour exposure.

Joe was negative at 18. It was not even increased
at 18, if | renmenber.

DR ROTl ROTI: 16.

DR TICE: So, in a sense, we have negative at 3
and positive at 24. So you titrate tinme. But you al nost
have to decide that tinme is an inportant variable, and we
all think it is. And then, once you have titrated tinme
where you know where you start getting increases, then you
go back and do fractionation.

We do the sanme thing we did with the irradiation,
just go back to those things. But, in terns of the nunber
of experinments, | wouldn't want to sit down and partition
that out right now without having nore data based on where
t he dose response is.

DR. WLLIAMS: Do you think the systemis robust
enough in its current status to | et you do nany
fractionation-type experinents?

DR. TICE: Mchael was correct. W have had
| ymphocytes sitting at 37 degrees and then stinulated them
to divide six days later. So the |ynphocyte popul ation--or
you can hold 3T3 cells theoretically at a state of
qui escence, at |least for a while, under deprivation, or

sonet hi ng.
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So | think there are ways to mani pul ate the cells
to be able to handle that and then to go back to what Jim
MacG egor was tal king about is easy. You do stinulation
before you put the cells in the exposure and | et them divide
under those circunstances.

So all those experinents are doable. Al those
experinments are actually fairly straightforward. It is just
how much noney do you have for how nmuch tine it is going to
take to do all the various factorial responses you are
trying to resol ve.

DR. WLLIAMS: Certainly, you can do an estinate
of power beforehand and say what the standard variation is
bet ween donors and everything and state what kind of
statistical relevance you want and predict the nunber of--

DR. TICE: You just better hope that | stay in
science a long time or | amgoing to run out of bl ood.

DR MORCS: | just want to nention that, w thout
further research and devel opnent, the RTL systens are pretty
much limted, perhaps, to--if we are tal king about being
able to use the entire existing positions in each of the
RTLs, it is probably around 3 and 4 Wkg. So we are limted
in a high SAR But what we have to offer is a | arge nunber
of cells that can be exposed.

Wth further research and devel opnent, we coul d

i ncrease the SAR but that woul d be something that--
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DR. ONEN.  You nean, with pursuing the shinmng or
somet hi ng?

DR MOROS: Yes. | actually have a proposal that
| have been witing to optim ze the RTL design for higher
SAR, for higher, hopefully, nmore uniform SAR But that is a
significant engi neering R&D project.

Yet, we will can offer a |arge nunber of cells at
| ower SARs.

DR ROTI ROTlI: For this particular assay, right
now we have one position at the highest SAR and one RTL. So
all the studies |I showed you were done with just one flask
being able to be irradiated at a tinme, and then anot her
flask could be irradiated at 3. So we had the very sharp
SAR gradi ent around that point. And that is at 5.

So if we wanted to push it to 10, we may have to
have a limted nunber of flasks at that SAR But if we are
going to use the RTL to get up to a conparabl e dose, we need
to push it to 10 in order for this to be feasible.

So your design--1 don't know how nuch feasibility
data you have, but it you have feasibility data that can
show t hat we coul d concei vably achieve 10 Wkg, | think that
woul d be inportant.

DR MOROCS: |If you renmenber one of the slides that
| showed at the end of ny talk showed the ratio of the

average SAR with shimm ng over the average SAR w t hout
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shinm ng. You may renenber that the maxi mum which was
about 15-fold, was around 1100 MHz.

| shouldn't be telling you this, but conceivably
you can design a shimthat would be able to nove that peak
down to 150 or 125. But that is the sort of research | am
tal king about. If | amable to do that, then that neans
that I don't even need new anplifiers. | can achieve
15 Wkg average with the systemthat | have now

My worry would be, then, to take care of the
t enperat ure-control problemwhich is also part of the
proposal that | amenvisioning. But either system you are
not going to be able to go to 15 without considerable
t enperature-control engineering. 10, obviously, is
possi bl e.

| showed you the data but | didn't really show you
the potential of what the data may be sayi ng.

DR ONEN:. | just notice on nmy watch it is five
until 5:00. People here around the table have
transportation comng shortly. | just want to get sort of a
five-m nute warning for today's session. So collect your
t hought s about what you want to say in the next five mnutes
and |l et them know because we will have to try and cl ose on
tine.

DR. WLLIAMS: Do we have to go to the higher SAR?

| thought | heard Dr. Chou say that going to SARs, we woul d
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experience a greater heterogeneity. Can that be elim nated
at hi gher SARs, heterogeneity?

DR. HOOK: No; the heterogeneity would be the
sane.

DR. CHOU. You have to use the sane system

DR. HOOK: Right; we would use the sanme system
The gradient, the thermal gradient, would be greater.

DR. CHOU. If you use a higher SAR

DR. HOOK: If you use a SAR, but the distribution
of SARs woul d be the sane.

DR. CHOU. Wwen | studied a long tine ago, | was
studyi ng muscle contraction. | first got a frog nuscle. |
couldn't do it because the tenperature wi ped ne out. Any
l[ittle bit of power, the contraction changes a | ot because
the perfusion--it is not enough to cool that bundle of
nmuscles in there.

So | had to go this very thin diaphragm nmuscl e
fromthe rat. It is only ten cells thick. It is a
transparent nmuscle. Wth that kind of a tissue, we were
able to cool it because perfusion was fast enough. For the
frog muscle, it is inpossible.

The sane thing here. Depending on what vessel you
use and how you cool it, there is a thernodynam c problem
how do you cool sonething in the m ddl e--dependi ng on how
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much power you put in, how you cool it, how big the tissue
sanple is.

DR, HOOK: C K., could we sonehow desi gn what we
have in the TEMcell so that at 1 Wkg or 2.5 Wkg we were
not controlling the tenperature sufficient so we produced
sonet hi ng--coul d we design sonething |like that?

DR. CHOU. For exanple, that Petri dish, it can be
very thin. Also very uniform Also, the cooling is right
at the bottom and you are blowing air right through that
surface. So that one is easier. Conpared to the test tube,
it is a nmuch easier question because you don't have the
thermal gradient |ike the other one has. Al the cells are
at the bottomand right next to the surface. It is easier
to cool.

So, unless you change the boundary conditions--
ot herwi se everything will be the sane.

DR. MORCS: What was the reason for going to the
test tube instead of staying with that-

DR. CHQU:. Because the biological procedure--this
is a standard procedure in the |ab, due to the GP

DR. MORCS: That cannot be changed to fl asks,
fl asks whi ch can be seal ed?

DR. HOOK: That got us into nunbers, sanples we
coul d handl e and that sort of question. But ny recollection

is, although it is nore uniformin the--1 don't know if
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coupling is the right word--but we needed to put in |ess
i nput power for a test tube to reach the same SARs in a
di sh.

DR. CHOU. That's true.

DR. HOOK: If you renenber back to the Sal nonell a
system you had to go to sonething |like 99 Wi nput power or
sonet hi ng.

DR, CHOU. Yes; that is why we still use the test
tube. But because the dielectric constant is different. So
there are different issues.

DR. HOOK: W need a systemthat is uniform W
need a systemthat we could use for each type of biological.
It was conplicated, but that's why.

DR. ONEN. It |l ooks |like everybody is about ready
for today and it looks like it is just after 5:00, so | wll
cl ose today's session and see you in the norning at half-
past 8:00. Thank you.

[ Wher eupon, at 5:00 p.m, the neeting was
recessed, to be resuned at 8:30 a. m, Wdnesday, August 2,

2000. |
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